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PREFACE. 


è 


E Should  certainly  be  guilty  of  a 


grofs  ablordity  if,  in  an  age  like 
the  prefect,  we  were  to  enter  into  an 
elaborate  difcuffibn  on  the  advantages 
to  be  derived  from  the  fiudy  of  Natu- 
ral History  ; the  ancients  recom- 
tnended  it  as  ufeful,  in'ftructive,  and  en- 
tertaining ; and  the  moderns  have  fo 
;far  purfued  and  cultivated  this  firft  of 
fcionces,  that  it  is  now  admitted  to  be 
the  fource  of  univerfal  inftrubtion  and 
knowledge;  where  every  adtive  mind 
in  ay  find  fubjedts  to  amufe  and  delight, 
and  the  artifi:  a 'never  failing  field  to 
enrich  his  glowing  imagination. 


It 


VÎ  PRÉFACÉ. 

It  would  have  been  Angular  ifj  ori 
fuch  a fubjeét,  a number  of  authors  had 
not  fubmitted  the  produce  of  their  ob- 
ier vat  ions  and  labour  ; many  have  writ- 
ten upon  Natural  Philofophy,  but  the 
Comte  de  Buffon  Hands  eminently  di- 
Itinguifhed  among  them  ; he  has  enter- 
ed into  a minute  inveltigation,  and 
drawn  numberlefs  faéts  from  unwearied 
obfervations  far  beyond  any  other,  and 
this  he  has  accomplifhed  in  a ftile  fully 
accordant  with  the  importance  of  his 
fubjeét.  Ray,  Linnaeus,  Rheamur,  and 
other  of  his  cotemporaries,  deferve 
much  credit  for  their  claffing  of  animals, 
vegetables,  &c.  but  it  was  Buffon 
alone  who  entered  into  a defcription 
of  their  nature,  habits,  ules,  and  pro- 
perties. In  his  Theory  of  the  Earth 
he  has  difplayed  a wonderful  ingenuity, 
and  (hewn  the  general  order  of  Nature 
with  a maiterly  hand,  although  he  may 
be  fubjeét  to  fome  objeétions  for  pre- 
ferring phyfical  reafonings  on  general 

caufes 
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caufes  rather  than  allowing  aught  to 
have  arifen  from  fupernatural  agency, 
or  the  will  of  the  Almighty.  In  this 
he  has  followed  the  example  of  all  great 
philofophers,  who  feem  unwilling  to 
admit  that  the  formation  of  any  part 
of  the  Univerfe  is  beyond  their  com- 
prehenfion. 

As  the  works  of  this  Author  will  belt 
fpeak  for  themfelves,  we  lhall  avoid  un- 
necelîàry  panegyric,  hoping  they  will 
have  received  no  material  injury  in 
the  following  tranllation  ; we  lhall 
therefore,  content  ourfelves  with  ob- 
ferving,  that  in  our  plan  we  have  fol- 
lowed that  adopted  by  the  Comte  him- 
fclf  in  a latter  edition,  from  which  he 
exploded  his  long  and  minute  treatifes 
on  anatomy  and  menfuration  ; though 
elegant  and  highly  finifhed  in  them- 
felves, they  appeared  to  us  of  too  ab- 
llrufe  and  confined  a nature  for  general 
efiimation,  and  which  we  could  not 
haye  gone  into  without  almolt  doubling 
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the  expence  ; a circumftance  we  had 
to  guard  again  ft,  for  the  advantage  of 
thofe  of  our  readers  to  whom  that  parf 
would  have  been  totally  unintereftiqg. 

As  to  this  Edition  we  prefume  it  is  no 
vain  boaft,  that  every  exertion  has  beeq 
made  to  do  juftice  to  a work  of  fuch 
acknowledged  merit.  In  the  literary 
part,  it  has  been  the  Proprietor’s  chief 
endeavour  to  preferve  the  fpirit  and  acr 
curacy  of  the  Author,  as  far  as  could  be 
done  in  tranflating  from  one  language 
into  another  ; and  it  is  with  gratitude 
he  acknowledges,  that  thofe  endear 
vours  have  been  amply  fupported  by  the 
Engraver  ; for  the  decorative  execu- 
tions of  Milton  will  remain  a lafting 
monument  of  his  abilities,  as  long  as 
delicacy  in  the  arts  is  held  in  eftima- 
tion. 


BUFFON’S 


NATURAL  HISTORY. 


THE  THEORT  OF  THE  EARTH 


EITHER  the  figure  of  the  earth,  its  mo- 


tion, nor  its  external  connexions  with  the 
reft  of  the  univerfe,  pertain  to  our  prefent 
inveftigation.  It  is  the  internal  ftruXuré  of 
the  globe,  its  compofition,  form,  and  man- 
ner of  exiftence  which  we  purpofe  to  examine. 
The  general  hiftory  of  the  earth  fhould  doubt- 
lefs  precede  that  of  its  productions,  as  à ne- 
ceflary  ftudy  for  thofe  who  wilh  to  be  ac- 
quainted with  nature  in  her  variety  of  fliapes, 
vol.  i.  B and 
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and  the  detail  of  fads  relative  to  the  life  and 
manners  of  animals,  or  to  the  culture  and  ve- 
getation of  plants,  belong  not,  perhaps,  fo 
much  to  Natural  Hiftory,  as  to  the  general 
dedudions  drawn  from  the  obfervations  that 
have  been  made  upon  the  different  materials 
which  compofe  the  terreftrial  globe:  as  the 
heights,  depths,  and  inequalities  of  its  form  ; 
the  motion  of  the  fea,  the  diredion  of  moun- 
tains, the  fituation  of  rocks  and  quarries,  the 
rapidity  and  effeds  of  currents  in  the  ocean, 
&c.  This  is  the  hiftory  of  nature  in  its  mod 
ample  extent,  and  thefe  are  the  operations  by 
which  every  other  effed  is  influenced  and  pro- 
duced. The  theory  of  thefe  effeds  conftitutes 
what  may  be  termed  a primary  fcience,  upon 
which  the  exad  knowledge  of  particular  ap- 
pearances as  well  as  terreftrial  fubftances  en- 
tirely depends.  This  defcription  of  fcience 
may  fairly  be  confidered  as  appertaining  to 
phyfics  ; but  does  not  all  phyfical  knowledge, 
in  which  no  fyftem  is  admitted,  form  part  of 
the  Hiftory  of  Nature  ? 

In  a fuhjed  of  great  magnitude,  whofe  re- 
lative connedions  are  difficult  to  trace,  and 
where  fome  fads  are  but  partially  known,  and 
others  uncertain  and  obfcure,  it  is  more  eafy 

to 
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to  form  a vifionary  fyftem,  than  to  eftablifh  a 
rational  theory  ; thus  it  is  that  the  Theory  of 
the  Earth  has  only  hitherto  been  treated  in  a 
vague  and  hypothetical  manner;  I (hall  there-* 
fore  but  flightly  mention  the  fingular  notions 
of  fome  authors  who  have  written  upon  the 
fubje£t.  . . 

The  firft  hypothefis  I (hall  allude  to,  de- 
ferves  to  be  mentioned  more  for  its  ingenuity 
than  its  reafonable  folidity  ; it  is  that  of  an 
Englilh  aftronomer,  (Whiston)  verfed  in  the 
fyftem  of  Newton,  and  an  enthufiaftic  ad- 
mirer of  his  philofophy  ; convinced  that  every 
event  which  happens  on  the  terreftrial  globe, 
depends  upon  the  motions  of  the  ftars,  he  en- 
deavours to  prove,  by  the  aftiftance  of  mathe- 
matical calculations,  that  the  tail  of  a comet 
has  produced  every  alteration  the  earth  has 
ever  undergone. 

The  next  is  the  formation  of  an  heterodox 
theologician,  (Burnet)  whofe  brain  was  fo 
heated  with  poetical  vifions,  that  he  imagined 
he  had  feen  the  creation  of  the  univerfe. 
After  explaining  what  the  earth  was  in  its  pri- 
mary ftate,  when  it  fprungfrom  nothing;  what 
changes  were  occafioned  by  the  deluge  : what 
it  has  been  and  what  it  is,  he  then  allumes  a pro- 
B 2 phetic 
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phetic  ftyle,  and  predicts  what  will  be  its  {late 
after  the  deftruCtion  of  the  human  race. 

The  third  comes  from  a writer  (Wood- 
ward) certainly  a better  and  more  extenfive 
obferver  of  nature  than  the  two  former,  though 
little  lefs  irregular  and  confufed  in  his  ideas; 
he  explains  the  principal  appearances  of  the 
globe,  by  an  immenfe  abyfs  in  the  bowels  of 
the  earth,  which  in  his  opinion  is  nothing  more 
than  a thin  cruft  that  ferves  as  a covering  to 
the  fluid  it  enclofes. 

The  whole  of  thefe  hypothefis  are  raifed 
on  unftable  foundations  ; have  given  no  light 
upon  the  fubjeCt,  the  ideas  being  unconnected, 
the  faCts  confufed,  and  the  whole  confounded 
with  a mixture  of  phyfic  and  fable  ; and  con- 
fequently  have  been  adopted  only  by  thofe  who 
implicitly  believe  opinions  without  invefti- 
gation,  and  who,  incapable  of  diftinguiftiing 
probability,  are  more  imprefled  with  the  won- 
ders of  the  marvellous  than  the  relation  of 
truth. 

What  we  (hall  fay  on  this  fubjeCt  will  doubtlefs 
be  lefs  extraordinary,  and  appear  unimportant, 
if  put  in  comparifon  with  the  grand  fyftems 
juft  mentioned,  but  it  fhould  be  remembered 
that  it  is  an  hiftorian’s  bufinefs  to  defcribe,  not 

invent  ; 
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invent  ; that  no  fuppofitions  fhould  be  admit- 
ted upon  fubjects  that  depend  upon  facts  and 
obfervation  ; that  his  imagination  ought  only 
to  be  exercifed  for  the  purpofe  of  combining 
obfervations,  rendering  facts  more  general, 
and  forming  one  connected  whole,  fo  as  to 
prefent  to  the  mind  a diftinct  arrangement  of 
clear  ideas  and  probable  conjectures  ; I fay 
probable,  becaufe  we  muft  not  expect  to  give 
exact  demonrtration  on  this  fubject,  that  being 
confined  to  mathematical  fciences,  wrhile  our 
knowledge  in  phy fies  and  natural  hiflory  de- 
pends folely  upon  experience,  and  is  confined 
to  reafoning  upon  inductions. 

In  the  hiftory  of  the  Earth,  we  (hall  there- 
fore begin  with  thofe  facts  that  have  been  ob- 
tained from  the  experience  of  time,  together 
with  what  we  have  collected  by  our  own  ob- 
fervations. 

This  immenfe  globe  exhibits  upon  its  fur- 
face  heights,  depths,  plains,  feas,  lakes,  marfhes, 
rivers,  caverns,  gulphs,  and  volcanos  ; and  upon 
the  firft  view  of  thefe  objects  we  cannot 
difeover  in  their  difpofitions  either  order  or 
regularity.  If  we  penetrate  into  its  internal 
part,  we  (hall  there  find  metals,  minerals, 
ftones,  bitumens,  fands,  earths,  waters,  and 

matters 
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matters  of  every  kind,  placed  as  it  were  by 
chance,  and  without  the  fmalleft  apparent  de- 
fign.  Examining  with  a more  ftrift  attention^ 
we  difcover  funk  mountains,  caverns  filled, 
rocks  fplit  and  broken,  countries  fw allowed  up, 
and  new  iflands  rifing  from  the  ocean  ; we 
(hall  alfo  perceive  heavy  fubftances  placed  above 
light  ones,  hard  bodies  furrounded  with  foft  ; 
in  fhort,  we  fhall  there  find  matter  in  every 
form,  wet  and  dry,  hot  and  cold,  folid  and 
brittle,  mixed  in  fuch  a fort  of  confufion  as  to 
leave  room  to  compare  them  only  to  a mafs  of 
rubbifh  and  the  ruins  of  a wrecked  world. 

We  inhabit  thefe  ruins  however  with  a 
perfect  fecurity.  The  various  generations  of 
men,  animals,  and  plants,  fucceed  each  other 
without  interruption  ; the  earth  produces  fully 
fufficient  for  their  fubfiftence  ; the  fea  has  its 
limits  ; its  motions  and  the  currents  of  air  are 
regulated  by  fixed  laws  : the  returns  of  the 
feafons  are  certain  and  regular  ; the  feverity  of 
the  winter  being  conftantly  fucceeded  by  the 
beauties  of  the  fpring:  every  thing  appears  in 
order,  and  the  earth,  formerly  a chaos,  is  now 
a tranquil  and  delightful  abode,  where  all  is 
animated,  and  regulated  by  fuch  an  amazing 
difplay  of  power  and  intelligence  as  fills  us 

with 
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with  admiration,  and  elevates  our  minds  with 
the  mod  fublhne  ideas  of  an  all-potent  and 
wonderful  Creator. 

Let  us  not  then  draw  any  hafty  conclufions 
upon  the  irregularities  of  the  furface  of  the 
earth,  nor  the  apparent  diforders  in  the  interior 
parts,  for  we  fhall  foon  difcover  the  utility, 
and  even  the  neceflity,  of  them  ; and,  by  con- 
fidering  them  with  a little  attention,  we  fhall, 
perhaps,  find  an  order  of  which  we  had  no 
conception,  and  a general  connedion  that  we 
could  neither  perceive  nor  comprehend,  by  a 
flight  examination:  but  in  fad,  our  knowledge 
on  this  fubjed  mud  always  be  confined. 
There  are  many  parts  of  the  furface  of  the 
globe  with  which  we  are  entirely  unacquaint- 
ed, and  have  but  partial  ideas  of  the  bottom  of 
the  fea,  which  in  many  places  we  have  not 
been  able  to  fathom.  We  can  only  penetrate 
into  the  coat  of  the  earth  ; the  greatefl  caverns 
and  the  deepeft  mines  do  not  defcend  above 
the  eighth  thoufand  part  of  its  diameter,  we  can 
therefore  judge  only  of  the  external  and  mere 
fuperficial  part  ; we  know,  ’ indeed,  that  bulk 
for  bulk  the  earth  weighs  four  times  heavier 
than  the  fun,  and  we  alfoknow  the  proportion 
its  weight  bears  with  other  planets  ; but  this 
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is  merely  a relative  eftimation  ; we  have  no 
certain  ftandard  nor  proportion  ; we  are  fo 
entirely  ignorant  of  the  real  weight  of  the  ma- 
terials, that  the  internal  part  of  the  globe  may 
be  a void  fpace,  or  compofed  of  matter  a 
thoufand  times  heavier  than  gold  ; nor  is  there 
any  method  to  make  further  difcoveries  on 
this  fubjeâ  ; and  it  is  with  the  greateft  diffi- 
culty any  rational  conje&ures  can  be  formed 
thereon. 

We  muft  therefore  confine  ourfelves  to  a 
corre£t  examination  and  defcription  of  the 
furface  of  the  earth,  and  to  thofe  trifling  depths 
to  which  we  have  been  enabled  to  penetrate. 
The  firft  obje£t  which  prefents  itfelf  is  that 
immenfe  quantity  of  water  which  covers  the 
greateft  part  of  the  globe  ; this  water  always 
occupies  the  loweft  ground,  its  furface  always 
level,  and  conftantly  tending  to  equilibrium 
and  reft  ; neverthelefs  it  is  kept  in  perpetual 
agitation  by  a powerful  agent,  which  oppofing 
its  natural  tranquillity,  impreffes  it  with  a re- 
gular periodical  motion,  alternately  raifing  and 
depreffing  its  waves,  producing  a vibration  in 
the  total  mafs,  by  difturbing  the  whole  body 
to  the  greateft  depths.  This  motion  we  know 
has  exifted  from  the  commencement  of  time, 

and 
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and  will  continue  as  long  as  the  fun  and  moon, 
which  are  the  caufes  of  it. 

By  an  examination  of  the  bottom  of  the 
fea,  we  difcover  that  to  be  fully  as  irregular 
as  the  furface  of  the  earth  ; we  there  find 
hills  and  vallies,  plains  and  cavities,  rocks  and 
foils  of  every  kind  : we  there  perceive  that 
iflands  are  only  the  fummits  of  vaft  mountains, 
whofe  foundations  are  at  the  bottom  of  the 
ocean  ; we  alfo  find  other  mountains  whofe 
tops  are  nearly  on  a level  with  the  furface 
of  the  water,  and  rapid  currents  which  run 
contrary  to  the  general  movement  : they 
fometimes  run  in  the  fame  dire&ion,  at  others, 
their  moi  ions  are  retrograde,  but  never  ex- 
ceeding their  bounds,  which  appear  to  be  as 
fixed  and  invariable  as  thofe  which  confine  the 
rivers  of  the  earth.  In  one  part  we  meet 
with  tempeftuous  regions,  where  the  winds 
blow  with  irrefiftible  fury  ; where  the  fea  and 
the  heavens,  equally  agitated,  join  in  contaél 
with  each  other,  are  mixed  and  confounded  in 
the  general  fhock  ! in  others,  violent  inteftine 
motions,  tumultuous  fwellings,  water-fpouts, 
and  extraordinary  agitations,  caufed  by  vol- 
canos, whofe  mouths,  though  a confiderable 
depth  under  water,  yet  vomit  fire  from  the 
VOL.  1.  C midft 
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midft  of  the  waves,  and  fend  up  to'the  clouds 
a thick  vapour,  compofed  of  water,  fulphur, 
and  bitumen.  Further,  we  perceive  dreadful 
gulphs  or  whirlpools,  which  feem  to  attraél 
veflels,  merely  to  fwallow  them  up.  On  the 
other  hand,  we  difcover  immenfe  regions,  to- 
tally oppofite  in  their  natures,  always  calm  and 
tranquil,  yet  equally  dangerous  ; where  the 
winds  never  exert  their  power,  where  the  art 
of  the  mariner  becomes  ufelefs,  and  where  the 
becalmed  voyager  muft  remain  until  death  re- 
lieves him  from  the  horrors  of  defpair.  In 
conclufion,  if  we  turn  our  eyes  towards  the 
northern  or  fouthern  extremities  of  the  globe, 
we  there  perceive  enormous  flakes  of  ice  fepa- 
rating  themfelves  from  the  polar  regions,  ad- 
vancing like  huge  mountains  into  the  more 
temperate  climes,  where  they  diflolve,  and  are 
loft  .to  the  fight. 

Exclufive  of  thefe  principal  objefts  the  vaft 
empire  of  the  fea  abounds  with  animated  beings, 
almoft  innumerable  in  numbers  and  variety. 
Some  of  them,  covered  with  light  fcales,  move 
with  aftonifhing  celerity  ; others,  loaded  with 
thick  fhells,  drag  heavily  along,  leaving  their 
track  in  the  fand  ; on  others  Nature  has  be- 
llowed fins,  refembling  wings,  with  which 

they 
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they  raife  and  fupport  themfelves  in  the  air, 
and  fly  to  confiderable  diftances  ; while  there 
are  thofe  to  whom  all  motion  has  been  denied, 
who  live  and  die  immoveably  fixed  to  the  farne 
rock  : every  fpecies,  however,  find  abundance 
of  food  in  this  their  native  element.  The 
bottom  of  the  fea,  and  the  fhelving  fides  of 
the  various  rocks,  produce  great  abundance  of 
plants  and  mofles  of  different  kinds  ; its  foil  is 
compofed  of  fand,  gravel,  rocks  and  fhells  ; in 
fome  parts  a fine  clay,  in  others  a folid  earth, 
and  in  general  it  has  a complete  refemblance 
to  the  land  which  we  inhabit. 

Let  us  now  t dce  a view  of  the  earth.  What 
prodigious  differences  do  we  find  in  different 
climates  ? What  a variety  of  foils  ? What  in- 
equalities in  the  furface  ? But  upon  a minute 
and  attentive  obfervation  we  fhall  find  the 
greateft  chain  of  mountains  are  nearer  the  equa- 
tor than  the  poles  ; that  in  the  Old  Continent 
their  dire&ion  is  more  from  the  eaft  to  weft 
than  from  the  north  tp  fouth  ; and  that,  on  the 
contrary,  in  the  New  World  they  extend  more 
from  north  to  fouth  than  from  eaft  to  weft  ; but 
what  is  ftill  more  remarkable,  the  form  and 
direction  of  thofe  mountains,  whofe  appearance 
is  fo  very  irregular,  correfpond  fo  precifely*  that 
C 2 the 
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the  prominent  angles  of  one  mountain  are  al- 
ways oppofite  to  the  concave  angles  of  the 
neighbouring  mountain,  and  are  of  equal  di- 
menfions,  whether  they  are  feparated  by  a fmall 
valley  or  an  extenfive  plain.  I have  alfo  ob- 
ferved  that  oppofite  hills  are  nearly  of  the  fame 
height,  and  that,  in  general,  mountains  occupy 
the  middle  of  continents,  iflands,  and  pro- 
montories, which  they  divide  by  the  greatefl 
lengths. 

In  following  the  courfes  of  the  principal 
rivers  I have  likewife  found  that  they  are  al- 
moft  always  perpendicular  with  thofe  of  the 
fea  into  which  they  empty  themfelves  ; and  that 
in  the  greatefl  part  of  their  courfes  they  proceed 
nearly  in  the  direction  of  the  mountains  from 
which  they  derive  their  fource. 

The  fea  fhores  are  generally  bounded  with 
rocks,  marble,  and  other  hard  (tones,  or  by 
earth  and  fand  which  has  accumulated  by  ihe 
waters  from  the  fea,  or  been  brought  down 
by  the  rivers  ; and  I obferve  that  oppofite 
coafts,  feparated  only  by  an  arm  of  the  fea,  are 
compofed  of  fimilar  materials,  and  the  beds 
of  the  earth  are  exadlly  the  fame.  Volcanos 
I find  exifl  only  in  the  higheft  mountains,  that 
many  of  them  are  entirely  extindt  ; that  fome 
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are  connected  with  others  by  fubterraneous 
paflages,  and  that  their  explofions  frequently 
happen  at  one  and  the  fame  time.  There  are 
fimilar  correfpondences  between  certain  lakes 
and  neighbouring  feas  ; fome  rivers  fuddenly 
difappear,  and  feem  to  precipitate  themfelves 
into  the  earth.  We  alfo  find  internal,  or  me- 
diterranean feas,  conftantly  receiving  an  enor- 
mous quantity  of  water  from  a number  of  ri- 
vers without  ever  extending  their  bounds,  mod 
probably  difcharging  by  fubterraneous  paflages 
all  their  fuperfluous  fupplies.  Lands  which 
have  been  long  inhabited  are  eafily  diftinguifh- 
ed  from  new  countries,  where  the  foil  ap- 
pears in  a rude  ftate,  where  the  rivers  are  full 
of  catara&s,  where  the  earth  is  either  over- 
flowed with  water,  or  parched  up  with  drought, 
and  where  every  fpot,  upon  which  a tree  will 
grow,  is  covered  with  uncultivated  woods. 

Purfuing  our  examination  in  a more  ex- 
tenfive  view,  we  find  that  the  upper  ftrata  that 
furrounds  the  globe,  is  univerfally  the  fame. 
That  this  fubftance,  which  ferves  for  the  growth 
and  nourifhment  of  animals  and  vegetables, 
is  nothing  but  a compofition  of  decayed  ani- 
mal and  vegetable  bodies,  reduced  into  fuch 
fmall  particles  that  their  former  organization 
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is  not  diftinguiftiable  ; or  penetrating  a little  fur- 
ther we  find  the  real  earth,  beds  of  fand,  lime- 
ftone,  argol,  fhells,  marble,  gravel,  chalk,  &c. 
Thefe  beds  are  always  parallel  to  each  other, 
and  of  the  fame  thicknefs  throughout  their 
whole  extent.  In  neighbouring  hills  beds  of 
the  fame  materials  are  invariably  found  upon 
the  fame  levels,  though  the  hills  are  feparated 
by  deep  and  extenfive  intervals.  All  beds  of 
earth,  even  the  moft  folid  ftrata,  as  rocks, 
quarries  of  marble,  &c.  are  uniformly  divided 
by  perpendicular  fifiures  ; it  is  the  fame  in  the 
largeft  as  well  as  fmalleft  depths,  and  appears 
a rule  which  nature  invariably  purfues. 

In  the  very  bowels  of  the  earth,  on  the  tops 
of  mountains,  and  even  the  moft  remote  parts 
from  the  fea,  fhells,  fkeletons  of  fifties,  marine 
plants,  &c.  are  frequently  found,  and  thefe 
fhells,  fifties  and  plants,  are  exactly  fimilar 
to  thofe  Which  cxift  in  the  ocean.  There  are 
a prodigious  quantity  of  petrified  (hells  to  be 
met  with  in  an  infinity  of  places,  not  only 
inclofed  in  rocks,  maftes  of  marble,  lime- 
ftone,  as  well  as  in  earths  and  clays,  but  are 
a&ually  incorporated  and  filled  with  the  very 
fubftance  which  furrounds  them.  In  fliort,  I 
find  my felf  convinced,  by  repeated  obfervatioos, 
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that  marbles,  (tones,  chalks,  marles,  clay,  fand, 
and  almoft  all  terreftrial  fubftances,  wherever 
they  may  be  placed,  are  filled  with  (hells  and 
other  fubftances,  the  productions  of  the  fea. 

Thefe  facts  being  enumerated,  let  us  now 
fee  what  reafonable  conclufions  are  to  be  drawn 
from  them. 

The  changes  and  alterations  which  have 
happened  to  the  earth  in  the  fpace  of  the  laft  two 
or  three  thoüfand  years  are  very  inconfiderable, 
indeed,  when  compared  with  thofe  important 
revolutions  which  mu  ft  have  taken  place  in 
thofe  ages  which  immediately  followed  the 
creation  ; for  as  all  terreftrial  fubftances  could 
only  acquire  folidity  by  the  continued  action  of 
gravity,  it  would  be  eafy  to  demonftrate,  that 
the  furface  of  the  earth  was  much  fofter  at  firft 
than  it  is  at  prefent,  and  confequently  the  fame 
caufes  which  now  produce  but  (light  and 
almoft  imperceptible  changes,  during  many 
ages,  would  then  effect  great  revolutions  in  a 
very  fhort  fpace.  It  appears  to  be  a certain 
fact,  that  the  earth  which  we  now  inhabit,  and 
even  the  tops  of  the  higheft  mountains,  were 
formerly  covered  with  the  fea,  for  (hells  and 
other  marine  productions  are  frequently  found 
in  almoft  every  part  ; it  appears  alfo  that  the 
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water  remained  a confiderable  time  on  the  fur«* 
face  of  the  earth,  fince  in  many  places  there 
have  been  difcovered  fuch  prodigious  banks  of 
{hells,  that  it  is  impoffible  fo  great  a multitude 
of  animals  could  exift  at  the  fame  time  : this 
fa 61  feems  likewife  to  prove,  that  although  the 
materials  which  compofe  the  furface  of  the 
earth  were  then  in  a ftate  of  foftnefs,  that  ren- 
dered them  eafy  to  be  difunited,  moved  and 
tranfported  by  the  waters,  yet  that  thefe  re- 
movals wTere  not  made  at  once  ; they  muft  in- 
deed have  been  fucceffive,  gradual,  and  by  de- 
grees, becaufe  thefe  kind  of  fea-produétions 
are  frequently  met  with  more  than  a thoufand 
feet  below  the  furface,  and  fuch  a confiderable 
thicknefs  of  earth  and  (tone  could  not  have 
accumulated  but  by  the  length  of  time.  If 
we  were  to  fuppofe  that  at  the  Deluge  all  the 
fhell-filli  were  railed  from  the  bottom  of  the 
fea,  and  tranfported  over  all  the  earth  ; befides 
the  difficulty  of  eftablifhing  this  fuppofition, 
it  is  evident,  that  as  we  find  {hells  incorpo- 
rated in  marble  and  in  the  rocks  of  the  higheft 
mountains,  we  muft  likewife  fuppofe  that  all 
thefe  marbles  and  rocks  were  formed  at  the 
fame  time,  and  that  too  at  the  very  inftant  of 
the  Deluge  ; and  befides,.  that  previous  to  this 
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great  revolution  there  were  neither  mountains, 
marble,  nor  rocks,  nor  clays,  nor  matters  of 
any  kind  fimilar  to  thofe  we  are  at  prefent  ac- 
quainted with,  as  they  almofl  all  contain  fhells 
and  other  productions  of  the  fea.  Befides,  at 
the  time  of  the  Deluge,  the  earth  muft  have 
acquired  a confiderable  degree  of  folidity,  from 
the  aCtion  of  gravity  for  more  than  fixteen 
centuries,  and  confequently  it  does  not  appear 
poffible  that  the  waters,  during  the  fhort  time 
the  Deluge  lafled,  lhould  have  overturned  and 
diffolved  its  furface  to  the  greatefl  depths  we 
have  fince  been  enabled  to  penetrate. 

But  without  dwelling  longer  on  this  point, 
which  fhall  hereafter  be  more  amply  difcuffed, 
I fhall  confine  myfelf  to  well-known  obferva- 
tions  and  eftablifhed  fails.  There  is  no  doubt 
but  that  the  waters  of  the  fea  at  fome  period 
covered  and  remained  for  ages  upon  that  part 
of  the  globe  which  is  now  known  to  be  dry 
land  ; and  confequently  the  whole  continents 
of  Afia,  Europe,  Africa,  and  America,  were 
then  the  bottom  of  an  ocean  abounding  with 
fimilar  productions  to  thofe  which  the  fea  at 
prefent  contains  : it  is  equally  certain  that  the 
different  ftrata  which  compofe  the  earth  are 
parallel  and  horizontal,  and  it  is  evident  their 
vol.  i.  D being 
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being  in  this  fituation  is  the  operation  of  the 
waters  which  have  collected  and  accumulated 
by  degrees  the  different  materials,  and  given 
them  the  fame  pofition  as  the  water  itfelf 
always  aflumes.  We  obferve  that  the  pofi- 
tion of  ftrata  is  almoft  univerfally  horizon- 
tal : in  plains  it  is  exactly  fo,  and  it  is  only 
in  the  mountains  that  they  are  inclined  to 
the  horizon,  from  their  having  been  origi- 
nally formed  by  a fediment  depofited  upon  an 
inclined  bafe.  Now  I infift  that  thefe  ftrata 
mufl  have  been  formed  by  degrees,  and  not 
all  at  once,  by  any  revolution  whatever,  be- 
caufe  ftrata,  compofed  of  heavy  materials, 
are  very  frequently  found  placed  above  light 
ones,  which  could  not  be,  if,  as  fome  au- 
thors affert,  the  whole  had  been  mixed  with 
the  waters  at  the  time  of  the  Deluge,  and 
afterwards  precipitated  ; in  that  cafe  every 
thing  muft  have  had  a very  different  appear- 
ance to  that  which  now  exifts.  The  heavieft 
bodies  would  have  defcended  firft,  and  each 
particular  ftratum  would  have  been  arranged 
according  to  its  weight  and  fpecific  gravity, 
and  we  fhould  not  fee  folid  rocks  or  metals 
placed  above  light  fand  any  more  than  clay 
under  coal. 
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We  fliould  alfo  pay  attention  to  another 
circumftance  ; it  confirms  what  we  have  faid 
on  the  formation  of  the  ftrata;  no  other  caufe 
than  the  motions  and  fediments  of  water  could 
poflibly  produce  fo  regular  a pofition  of  it,  for 
the  higheft  mountains  are  compofed  of  parallel 
ftrata  as  well  as  the  loweft  plains,  and  therefore 
we  cannot  attribute  the  origin  and  formation 
of  mountains  to  the  fhocks  of  earthquakes,  or 
eruptions  of  volcanos.  The  fmall  eminences 
which  are  fometimes  raifed  by  volcanos,  or 
convulfive  motions  of  the  earth,  are  not  by  any 
means  compofed  of  parallel  ftrata,  they  are  a 
mere  difordered  heap  of  matters  thrown  con- 
fufedly  together  ; but  the  horizontal  and  paral- 
lel pofition  of  the  ftrata  mu  ft  neceffarily  pro- 
ceed from  the  operations  of  a confiant  caufe 
and  motion,  always  regulated  and  dire£ted  in 
the  fame  uniform  manner. 

From  repeated  obfervations,  and  thefe  in- 
controvertible fafls,  we  are  convinced  that  the 
dry  part  of  the  globe,  which  is  now  habitable, 
has  remained  for  a long  time  under  the  waters 
of  the  fea,  and  confequently  this  earth  under- 
went the  fame  flu£luations  and  changes  which 
the  bottom  of  the  ocean  is  at  prefent  aftually 
undergoing.  To  difcover  therefore  what  for- 
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merly  pafTed  on  the  earth,  let  us  examine  what 
now  paffes  at  the  bottom  of  the  fea,  and  from 
thence  we  fliall  foon  be  enabled  to  draw  ra- 
tional conclufions  with  regard  to  the  external 
form  and  internal  compofition  of  that  which 
we  inhabit. 

From  the  creation  the  fea  has  conftantly 
been  fubjefl  to  a regular  flux  and  reflux  : this 
motion,  which  raifes  and  falls  the  waters  twice 
in  every  twenty-four  hours,  is  principally  occa- 
fioned  by  the  aélion  of  the  moon,  and  is  much 
greater  under  the  equator  than  in  any  other 
climates.  The  earth  performs  a rapid  motion 
on  its  axis,  and  confequently  has  a centrifugal 
force,  which  is  alfothe  greateft  at  the  equator; 
this  latter,  independent  of  adual  obfervation, 
proves  that  the  earth  is  not  perfectly  fpherical, 
but  that  it  muft  be  more  elevated  under  the 
equator  than  at  the  poles. 

From  thefe  combined  caufes,  the  ebbing  and 
flowing  of  the  tides,  and  the  motion  of  the 
* earth,  we  may  fairly  conclude,  that  although 
the  earth  was  a perfe£t  fphere  in  its  original 
form,  yet  its  diurnal  motion,  together  with  the 
confiant  flux  and  reflux  of  the  fea,  muft,  by 
degrees,  in  the  courfe  of  time,  have  raifed  the 
equatorial  parts,  by  carrying  mud,  earth,  fand, 
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fhells,  &c.  from  other  climes,  and  there  de- 
pofiting  of  them.  Agreeable  to  this  idea  the 
greateft  irregularities  muft  be  found,  and,  in 
fa£t,  are  found  near  the  equator.  Befides,  as 
this  motion  of  the  tides  is  made  by  diurnal  al-  ' 
ternatives,  and  been  repeated,  without  inter- 
ruption, from  the  commencement  of  time,  is 
it  not  natural  to  imagine,  that  each  time  the 
tide  flows  the  water  carries  a fmall  quantity  of 
matter  from  one  place  to  another,  which  may 
fall  to  the  bottom  like  a fediment,  and  form 
thofe  parallel  and  horizontal  ftrata  which  are 
every  where  to  be  met  with  ? for  the  whole 
motion  of  the  water,  in  the  flux  and  reflux, 
being  horizontal*  the  matters  carried  away 
with  them  will  naturally  be  depofited  in  the 
fame  parallel  direction. 

But  to  this  it  may  be  faid,  that  as  the  flux 
and  reflux  of  the  waters  are  equal  arid  regu- 
larly fucceed,  two  motions  would  counter- 
poife  each  other,  and  the  matters  brought  by 
the  flux  would  be  returned  by  the  reflux,  and 
of  courfe  this  caufe  for  the  formation  of  the 
ftrata  muft  be  chimerical  ; that  the  bottom  of 
the  fea  could  not  experience  any  material  al- 
teration by  two  uniform  motions,  wherein  the 
effects  of  the  one  would  be  regularly  deftroyed 
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by  the  other;  much  lefs  could  they  change  the 
original  form  by  the  production  of  heights  and 
inequalities. 

To  which  it  may  be  anfwered,  that  the 
alternate  motions  of  the  waters  are  not  equal, 
the  fea  having  a confiant  motion  from  the  eaft 
to  the  weft , befides,  the  agitations,  caufed  by 
the  winds,  oppofes  and  prevents  the  equality 
of  the  tides.  It  will  alfo  be  admitted,  that  by 
every  motion  of  which  the  fea  is  fufceptible, 
particles  of  earth  and  other  matters  will  be  car- 
ried from  one  place  and  depofited  in  another  ; 
and  thefe  collections  will  neceflarily  allume  the 
form  of  horizontal  and  parallel  ftrata,  from  the 
various  combinations  of  the  motions  of  the 
fea  always  tending  to  move  the  earth,  and  to 
level  thefe  materials  wherever  they  fall  in  the 
form  of  a fediment.  But  this  objection  is 
eafily  obviated  by  the  well-known  fact,  that 
upon  all  coafts,  bordering  the  fea,  where  the 
ebbing  and  flowing  of  the  tide  is  obferved,  the 
flux  conftantly  brings  in  a number  of  things 
which  the  reflux  does  not  carry  back.  There 
are  many  places  upon  which  the  fea  infeirfrbly 
gains  and  gradually  covers  over,  while  there 
are  others  from  which  it  recedes,  narrowing 
as  it  were  its  limits,  by  depofiting  earth,  fands, 
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fhells,  &c.  which  naturally  take  an  horizontal 
pofition  ; thefe  matters  accumulate  by  degrees 
in  the  courfe  of  time,  and  being  raifed  to  a 
certain  point  gradually  exclude  the  water,  and 
fo  become  part  of  the  dry  land  for  ever  after. 

But  not  to  leave  any  doubt  upon  this  impor- 
tant point,  let  us  ftri&ly  examine  into  the  pof- 
fibility  of  a mountain’s  being  formed  at  the 
bottom  of  the  fea  by  the  motions  and  fediments 
of  the  waters.  It  is  certain  that  on  a coaft 
which  the  fea  beats  with  violence  during  the 
agitation  of  its  flow,  that  every  wave  muft 
carry  off  fome  part  of  the  earth  ; for  wherever 
the  fea  is  bounded  by  rocks,  it  is  a plain  fa£t 
that  the  water  by  degrees  wears  away  thofe 
rocks,  and  confequently  carries  away  fmall 
particles  every  time  the  waves  retire  ; thefe 
particles  of  earth  and  ftone  will  neceflarily  be 
tranfported  to  feme  diftance,  and  being  arrived 
where  the  agitation  of  the  water  is  abated,  and 
left  to  their  own  weight,  they  precipitate  to  the 
bottom  in  form  of  a fediment,  and  there  form 
a firft  ftratum  either  horizontal  or  inclined  ac- 
cording to  the  pofition  of  the  furface  upon 
which  they  fall  ; this  will  fhortly  be  covered  by 
a fimilar  ftratum  produced  by  the  fame  caufe, 
and  thus  will  a confiderable  quantity  of  matter 
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be  almoft  infenfibly  collefted  together,  and 
the  drata  of  which  will  be  placed  parallel  to 
each  other. 

This  mafs  will  continue  to  increafe  by  new 
fediments,  and  by  gradually  accumulating,  in 
the  courfe  of  time  become  a mountain  at  the 
bottom  of  the  fea,  exa&ly  fimilar  to  thofe  we 
fee  on  dry  land,  both  as  to  outward  form  and 
internal  compofition.  If  there  happen  to  be 
fhells  in  this  part  of  the  fea,  where  we  have 
fuppofed  this  depofit  to  be  made,  they  will  be 
filled  and  covered  with  the  fediment,  and  in- 
corporated in  the  depofited  matter,  making  a 
part  of  the  whole  mafs,  and  they  will  be  found 
fituated  in  the  parts  of  the  mountain  according 
to  the  time  they  had  been  there  depofited  ; 
thofe  that  lay  at  the  bottom,  previous  to  the 
formation  of  the  fird  dratum,  will  be  found 
in  the  lowed,  and  fo  according  to  the  time  of 
their  being  depofited,  the  lated  in  the  mod  ele- 
vated parts. 

So  likewife,  when  the  bottom  of  the  fea,  at 
particular  places,  is  troubled  by  the  agitation 
of  the  water,  there  will  necedarily  enfue,  in 
the  fame  manner,  a removal  of  earth,  fhells, 
and  other  matters,  from  the  troubled  to  other 
parts  ; for  we  are  a (lured  by  all  divers,  that  at 
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the  greateft  depths  they  defcend,  i.  e.  20  fa- 
thoms, the  bottom  of  the  fea  is  fo  troubled  by 
the  agitation  of  the  waters,  that  the  mud  and 
fhells  are  carried  to  confiderable  diftances, 
confequently  tranfportations  of  this  kind  are 
made  in  every  part  of  the  fea,  and  this  matter 
falling  muft  form  eminences,  compofed  like 
our  mountains,  and  in  every  refpeét  fimilar  ; 
therefore  the  flux  and  reflux,  by  the  winds,  the 
currents,  and  all  the  motions  of  the  water, 
muft  inevitably  create  inequalities  at  the  bot- 
tom of  the  fea. 

Nor  muft  we  imagine  that  thefe  matters  can* 
not  be  tranfported  to  great  diftances,  becaufe 
we  daily  fee  grain,  and  other  productions  of 
the  Eaft  and  Weft  Indies,  arriving  on  our  own 
coafts*.  It  is  true  thefe  bodies  are  fpecifically 
lighter  than  water,  whereas  the  fubftances  of 
which  we  have  been  fpeaking  are  fpecifically 
heavier  ; but,  however,  being  reduced  to  an 
impalpable  powder,  they  may  be  fuftained  a 
long  time  in  the  water  fo  as  to  be  conveyed  to 
confiderable  diftances. 

It  has  been  fuppofed  that  the  fea  is  not 
troubled  at  the  bottom,  efpecially  if  it  is  very 
vox.  i.  E deep 
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deep,  by  the  agitations  produced  by  the  winds 
and  tides;  but  it  fhould  be  recolle&ed  that  the 
whole  mafs,  however  deep,  is  put  in  motion 
by  the  tides,  and  that  in  a liquid  globe  this 
motion  would  be  communicated  to  the  very 
centre  ; that  the  power  which  produces  the 
flux  and  reflux  is  a penetrating  force,  which 
a&s  proportionably  upon  every  particle  of  its 
mafs,  fo  that  we  can  determine  by  calculation 
the  quantity  of  its  force  at  different  depths  ; 
but,  in  fhort,  this  point  is  fo  certain,  that  it 
cannot  be  contefted  but  by  refufing  the  evi- 
dence of  reafon. 

Therefore,  we  cannot  poflibly  have  the  lead 
doubt  that  the  tides,  the  winds,  and  every  other 
caufe  which  agitates  the  fea,  muft  produce 
eminences  and  inequalities  at  the  bottom,  and 
thofe  heights  muft  ever  be  compofed  of  ho- 
rizontal or  equally  inclined  ftrata.  Thefe 
eminences  will  gradually  encreafe  until  they  be- 
come hills,  which  will  rife  in  fituations  fimilar 
to  the  waves  that  produce  them  ; and  if  there 
is  a long  extent  of  foil,  they  will  continue  to 
augment  by  degrees  ; fo  that  in  courfe  of  time 
they  will  form  a vaft  chain  of  mountains. 
Being  formed  into  mountains,  they  become 
an  obftacle  to  and  interrupt  the  common  mo- 
tion 
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tion  of  the  fea,  producing  at  the  fame  time 
other  motions,  which  are  generally  called  cur- 
rents. Between  two  neighbouring  heights  at 
the  bottom  of  the  fea  a current  will  neceffarily 
be  formed,  which  will  follow  their  common 
dire&ion,  and,  like  a river,  form  a channel, 
whofe  angles  will  be  alternatively  oppofite 
during  the  whole  extent  of  its  courfe.  Thefe 
heights  will  be  continually  increafing,  being 
fubjeét  only  to  the  motion  of  the  flux,  for  the 
waters  during  the  flow  will  leave  the  common 
fediment  upon  their  ridges  ; and  thofe  waters 
which  are  impelled  by  the  current  will  force 
along  with  them,  to  great  diftances,  thofe 
matters  which  would  be  depofited  between 
both,  at  the  fame  tigie  hollowing  out  a valley 
with  correfponding  angles  at  their  foundation. 
By  the  effeéts  of  thefe  motions  and  fediments 
the  bottom  of  the  fea,  although  originally 
fmooth,  muft  become  unequal,  and  abounding 
with  hills  and  chains  of  mountains,  as  we  find 
it  at  prefent.  The  foft  materials  of  which  the 
eminences  are  originally  compofed  will  harden 
by  degrees  with  their  own  weight  ; fome  form- 
ing parts,  purely  angular,  produce  hills  of 
clay;  others,  confiding  of  falidy  and  cryftalline 
particles,  compofe  thofe  enormous  mafles  of 
E 2 rode 
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rock  and  tiint  from  whence  cryftal  and  other 
precious  {tones  are  extracted  ; thofe  formed 
with  ftony  particles,  mixed  with  {hells,  form 
thofe  of  lime-ftone  and  marble,  wherein  we 
daily  meet  with  {hells  incorporated;  and  others, 
compounded  of  matter  more  {helly,  united 
with  pure  earth,  compofe  all  our  beds  of 
marie  and  chalk.  All  thefe  fubftances  are 
placed  in  regular  beds,  and  all  contain  hetero- 
geneous matter  ; marine  productions  are  found 
among  them  in  abundance,  and  nearly  accord- 
ing to  the  relation  of  their  fpecific  weights  ; 
the  lighteft  {hells  in  chalk,  and  the  heavieft  in 
clay'and  lime-ftone  ; thefe  fhells  are  invariably 
filled  with  the  matter  in  which  they  have  been 
inclofed,  whether  {tones  or  earth  ; an  incontef- 
tible  proof  that  they  have  been  tranfported 
with  the  matter  that  fills  and  furrounds  them, 
and  that  this  matter  was  at  that  time  in  an  im- 
palpable powder.  In  {hort,  all  thofe  fubftances 
whofe  horizontal  fituations  have  been  eftablilh- 
ed  by  the  level  of  the  waters  of  the  fea,  will 
conftantly  preferve  their  original  pofition. 

But  here  it  may  be  obferved,  that  moft  hills, 
whofe  fummits  confift  of  folid  rocks,  ftone,  or 
marble,  are  formed  upon  fmall  eminences  of 
much  lighter  materials,  fuch  for  inftance  as 
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clay,  or  ftrata  of  fand,  which  we  commonly 
find  extended  over  thé  neighbouring  plains, 
upon  which  it  may  be  afked,  how,  if  the  fore- 
going theory . be  juft,  this  feemingly  contra- 
dictory arrangement  happens  ? To  me  this 
phenomenon  appears  to  be  very  eafy  and  na- 
turally explained.  The  water  at  firft  aCts  upon 
the  upper  ftratum  of  coafts,  or  bottom  of  thé 
fea,  which  commonly  confifts  of  clay  or  fand, 
and  having  tranfported  this,  and  depofited  the 
fediment,  it  of  courfe  compofes  fmall  emi- 
nences, which  form  a bafe  for  the  more  heavy 
particles  to  reft  upon.  Having  removed  the 
lighter  fubftances,  it  operates  upon  the  more 
heavy,  and  by  confiant  attrition  reduces  them 
to  an  impalpable  powder  ; which  it  conveys  to 
the  fame  fpot,  and  where,  being  depofed,  thefe 
ftony  particles,  in  the  courfe  of  time,  form 
thofe  folid  rocks  and  quarries  which  we  now 
find  tipon  the  tops  of  hills  and  mountains.  It 
is  not  unlikely  that  as  thefe  particles  are  much 
heavier  than  fand  or  clay,  that  they  were  for- 
merly a confiderable  depth  under  a ftrata  of 
that  kind,  and  now  owe  their  high  fituations 
to  having  been  laft  railed  up  and  tranfported 
by  the  motion  of  the  water. 


To 
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To  confirm  what  we  here  affert,  let  us  more 
clofely  inveftigate  the  fituation  of  thofe  mate- 
rials which  compofe  the  fuperficial  outer  part 
of  the  globe,  indeed  the  only  part  with  which 
we  have  any  knowledge.  The  different  beds 
of  ftrata  in  ftone  quarries  are  almoft  all  ho- 
rizontal, or  regularly  inclined  ; thofe  whofe 
foundations  are  on  clays  or  other  folid  matters 
Sire  clearly  horizontal,  efpecially  in  plains. 
The  quarries  wherein  we  find  flint,  or  brownifh 
grey  free-ftone,  in  detached  portions,  have  a 
lefs  regular  pofition,  but  even  in  thofe  the 
uniformity  of  nature  plainly  appears,  for  the 
horizontal  or  regularly  inclined  ftrata  are  ap- 
parent in  quarries  where  thefe  (tones  are  found 
in  great  maffes.  This  pofition  is  univerfal, 
except  in  quarries  where  flint  and  brown  free- 
ftone  are  found  in  fmall  detached  portions, 
the  formation  of  which  we  (hall  prove  to  have 
been  pofterior  to  thofe  we  have  juft  been 
treating  of;  for  granate,  vitrifiable  fand,  argol, 
marble,  calcareous  ftone,  chalk,  and  marles, 
are  always  depofited  in  parallel  ftrata,  hori- 
zontally or  equally  inclined  ; the  original  for- 
mation of  thefe  are  eafily  difeovered,  for  the 
ftrata  are  exactly  horizontal  and  very  thin,  and 
are  arranged  above  each  other  like  the  leaves 
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of  a book.  Beds  of  fand,  foft  and  hard  clay, 
chalk,  and  fhells,  are  alfo  either  horizontal  or 
regularly  inclined.  Strata  of  every  kind  pre- 
ferves  the  fame  thicknefs  throughout  its  whole 
extent,  which  often  occupies  the  fpace  of  many 
miles,  and  might  be  traced  (till  farther  by  clofe 
and  exaft  obfervations.  In  a word,  the  ma- 
terials of  the  globe,  as  far  as  mankind  have 
been  enabled  to  penetrate,  are  arranged  in  an 
uniform  pofition,  and  are  exactly  fimilar. 

The  ftrata  of  fand  and  gravel  which  have 
been  wafhed  down  from  mountains  muft  in 
fome  meafure  be  excepted;  in  vallies  they  are 
fometimes  of  a confiderable  extent,  and  are 
generally  placed  under  the  firft  ftrata  of  the 
earth  ; in  plains,  they  are  as  even  as  the  moft 
ancient  and  interior  ftrata,  but  near  the  bottom 
and  upon  the  ridges  of  hills  they  are  inclined, 
and  follow  the  inclination  of  the  ground  upon 
which  they  have  flowed.  Thefe  being  formed 
by  rivers  and  rivulets,  which  are  conftantly  in 
vallies  changing  their  beds,  and  dragging  thefe 
fands  and  gravel  with  them,  they  are  of  courfe 
very  numerous.  A fmall  rivulet  flowing  from 
the  neighbouring  heights,  in  the  courfe  of  time, 
will  be  fufficient  to  cover  a very  fpacious 
valley  with  a ftrata  of  fand  and  gravel,  and  I 

have 
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have  often  obfervéd  in  hilly  Countries,  whofe 
bafe,  as  well  as  the  upper  ftratum,  was  hard 
clay,  that  above  the  fource  of  the  rivulet  the 
clay  is  found  immediately  under  the  vegetable 
foil,  and  below  it  there  is  the  thicknefs  of  a 
foot  of  fand  upon  the  clay,  and  which  extends 
itfelf  to  a confiderable  diftance.  Thefe  ftrata 
formed  by  rivers  are  not  very  ancient,  and  are 
eafily  difcovered  by  the  inequality  of  their 
thicknefs,  which  is  conftantly  varying,  while 
the  ancient  ftrata  prefervesthe  fame  dimenfions 
throughout;  they  are  alfo  to  be  known  by  the 
matter  itfelf,  which  bears  evident  marks  of 
having  been  fmoothed  and  rounded  by  the 
motions  of  tfie  water.  The  fame  may  be  faid 
of  the  turf  and  perifhed  vegetables  which  are 
found  below  the  firft  ftratum  of  earth  in  marfhy 
grounds;  they  cannot  be  confidered  as  ancient* 
but  entirely  produced  by  fucceflive  heaps  of 
decayed  trees  and  other  plants.  Nor  are  the 
ftrata  of  flime  and  mud,  which  are  found  in 
many  countries,  to  be  confidered  as  ancient 
productions,  having  been  formed  by  ftagnated 
■Waters  or  inundations  of  rivers,  and  are  neither 
fo  horizontal,  nor  equally  inclined,  as  the  ftrata 
anciently  produced  by  the  regular  motions  of 
the  fea.  In  the  ftrata  formed  by  rivers  we 
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conftantly  meet  with  river,  but  fcarcely  ever 
fea  {hells,  and  the  few  that  are  found  are  bro- 
ken and  irregularly  placed;  whereas  in  the  an- 
cient ftrata  there  are  no  river  {hells  ; the  fea 
{hells  are  in  great  quantities,  well  preferved, 
and  ,all  placed  in  the  fame  manner,  having  been 
tranfported  at  the  fame  time  and  by  the  fame 
caufe.  How  are  we  to  account  for  this  afto- 
niihing  regularity  ? Inftead  of  regular  ftrata 
why  do  we  not  meet  with  the  matters  that 
compofe  the  earth  jumbled  together,  without 
any  kind  of  order  ? Why  are  not  rocks, 
marbles,  clays,  marles,  &c.  varioufly  dif- 
perfed,  or  joined  by  irregular  or  vertical  ftrata? 
Why  are  not  the  heavieft  bodies  uniformly 
found  placed  beneath  the  lighteft  ? It  is  eafy 
to  perceive  that  this  uniformity  of  nature,  this 
organization  of  earth,  this  connexion  of  dif- 
ferent materials,  by  parallel  ftrata,  without 
refpeft  to  their  weights,  could  only  be  produced 
by  a caufe  as  powerful  and  confiant  as  the 
motion  of  the  fea,  whether  occafioned  by  the 
regular  winds,  or  by  that  of  the  flux  and  re- 
flux, &c. 

Thefe  caufes  a with  greater  force  under 
the  equator  than  in  other  climates,  for  there 
the  winds  are  more  regular  and  the  tides  run 
vol.  i.  F higher; 
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higher  ; the  mod  extenfive  chains  of  mountains 
are  alfo  near  the  equator.  The  mountains  of 
Africa  and  Peru  are  the  higheft  known,  they 
frequently  extend  themfeives  through'  whole 
provinces,  and  ftreteh  to  confiderable  diftances 
under  the  océan.  The  mountains  of  Europe 
and  Afia,  which  extend  from  Spain  to  China, 
are  not  fo  high  as  thofe  of  South  America  and 
Africa.  The  mountains  of  the  North,  ac- 
cording to  the  relation  of  travellers,  are  only 
hills  in  cornparifon  with  thofe  of  the  Southern 
countries.  Befides,  there  are  very  few  iflands 
in  the  Northern  Seas,  whereas  in  the  torrid 
zone  they  are  almoft  innumerable,  and  as 
iflands  are  only  the  fummits  of  mountains,  it 
is  evident  that  the  furface  of  the  earth  has 
many  more  inequalities  towards  the  equator 
than  in  the  northerly  climes. 

It  is  therefore  evident  that  the  prodigious 
chain  of  mountains  which  run  from  the  Weft 
to  the  Eaft  in  the  old  continent,  and  from  the 
North  to  the  South  in  the  new,  muft  have 
been  produced  by  the  general  motion  of  the 
tides;  but  the  origin  of  all  the  inferior  moun- 
tains muft  be  attributed  to  the  particular  mo- 
tions of  currents,  occafioned  by  the  winds 
and  other  irregular  agitations  of  the  fea  : they 

may 
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^may  probably  have  been  produced  by  a com- 
bination of  all  thofe  motions,  which  mufl  be 
capable  of  infinite  variations,  fince  the  winds 
and  different  pofitions  of  iflands  and  coafts 
change  the  regular  courfe  of  the  tides,  and 
compel  them  to  flow  in  every  poflible  direc- 
tion : it  is,  therefore,  not  in  the  leaft  aftonifh- 
ing  that  we  fliould  fee  confiderable  eminences, 
whofe  courfes  have  no  determined  diredlion. 
But  it  is  fufficient  for  our  prefent  purpofe  to 
have  demonftrated  that  mountains  are  not  the 
produce  of  earthquakes,  or  other  accidental  / 
caufes,  but  that  they  are  the  efreéts  refulting 
from  the  general  order  of  nature,  both  as  to 
their  organization,  and  the  pofition  of  the  ma-y 
terials  of  which  they  are  compofed. 

But  how  has  it  happened  that  this  earth 
which  we  and  our  anceftors  have  inha- 
bited for  ages,  which,  from  time  imme- 
morial, has  been  an  immenfe  continent,  dry 
and  removed  from  the  reach  of  the  waters, 
fhould,  if  formerly  the  bottom  of  the  ocean, 
be  actually  larger  than  all  the  waters,  and 
raifed  to  fuch  a height  as  to  be  diftinftly  fepa- 
rated  from  them?  Having  remained  fo  long  on 
the  earth,  why  have  the  waters  now  abandoned 
it  ? What  accident,  what  caufe  could  produce 
F 2 fo 
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fo  great  a change?  Is  it  poffible  to  conceive 
one  poiLffed  of  fufficient  power  to  produce  fuch 
an  amazing  effeél  ? 

Thefe  queftions  are  difficult  to  be  refolved, 
but  as  the  fafts  are  certain  and  incontrover- 
tible, the  exadt  manner  in  which  they  happened 
may  remain  unknown,  without  prejudicing 
the  conclufions  that  may  be  drawn  from  them  ; 
neverthelefs,  by  a little  refleétion,  we  fhall  find 
at  leaft  plaunble  reafons  for  thefe  changes. 
We  daily  obferve  the  fea  gaining  ground  on 
fome  coafts  and  lofing  it  on  others  ; we  know 
that  the  ocean  has  a continued  regular  motion 
from  Eaft  to  Weft  ; that  it  makes  loud  and 
violent  efforts  againft  the  low  lands  and  rocks 
which  confine  it  ; that  there  are  whole  pro- 
vinces which  human  induftry  can  hardly  fecure 
from  the  rage  of  the  fea  ; that  there  are  in- 
ftances  of  iflands  rifing  above,  and  others  being 
funk  under  the  waters.  Hiftory  fpeaks  of  much 
greater  deluges  and  inundations.  Ought  not 
this  to  incline  us  to  believe  that  the  furface  of 
the  earth  has  undergone  great  revolutions,  and 
that  the  fea  may  have  quitted  the  greateft 
part  of  the  earth  which  it  formerly  covered  ? 
Let  us  but  fuppofe  that  the  old  and  new  worlds 
were  formerly  but  one  continent,  and  that  the 
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Atlantis  of  Plato,  was  funk  by  a violent  earth- 
quake ; the  natural  confequence  would  be,  that 
the  fea  would  neceflarily  have  flowed  in  from 
all  fides,  and  formed  what  is  now  called  the 
Atlantic  Ocean,  leaving  vafl:  continents  dry, 
and  pollibly  thofe  which  we  now  inhabit. 
This  revolution,  therefore,  might  be  made  of 
a fudden  by  the  opening  of  fome  vafl:  cavern 
in  the  interior  part  of  the  globe,  which  an  uni- 
verfal  deluge  muft  inevitably  fucceed  ; or  pof- 
fibly  this  change  was  not  effected  at  once 
but  required  a length  of  time,  which  I am 
rather  inclined  to  think  ; however  thefe  con- 
jectures may  be,  it  is  certain  the  revolution 
has  occurred,  and  in  my  opinion  very  natu- 
rally, for  to  judgé  of  the  future,  as  well  as  the 
part,  we  muft  carefully  attend  to  what  daily 
happens  before  our  eyes.  It  is  a faCt  clearly 
eftabliihed  by  repeated  obfervations  of  travel- 
lers, that  the  ocean  has  a confiant  motion  from 
the  Eaft  to  Weft  ; this  motion,  like  the  trade 
winds,  is  not  only  felt  between  the  tropics 
but  alfo  throughout  the  temperate  climates, 
and  as  near  the  poles  as  navigators  have  gone  ; 
of  courfe  the  Pacific  Ocean  makes  a con- 
tinual effort  againft  the  coafts  of  Tartary, 
China,  and  India;  the  Indian  Ocean  a£ts 
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againft  the  eaft  coaft  of  Africa,  and  the  At- 
lantic in  like  manner  againft  all  the  eaftern 
coafts  of  America  ; therefore  the  fea  muft 
have  always  and  ftill  continues  to  gain  land 
on  the  eaft  and  lofe  it  on  the  weft  ; and  this 
alone  is  fufficient  to  prove  the  poffibility  of 
the  change  of  earth  into  fea,  and  fea  into 
land.  If,  in  fad,  fuch  are  the  effeéts  of  the 
fea’s  motion  from  eaft  to  weft,  may  we  not 
very  reafonably  fuppofe  that  Afia  and  the 
eaftern  continent  is  the  oldeft  country  in  the 
world,  and  that  Europe  and  part  of  Africa, 
efpecially  the  weftern  coafts  of  thefe  conti- 
nents, as  Great  Britain,  France,  Spain,  Mura- 
tania,  &c.  are  of  a more  modern  date  ? Both 
hiftory  and  phyfics  agree  in  confirming  this 
conjedure. 

There  are,  however,  many  other  caufes 
which  concur  with  the  continual  motion  of 
the  fea  from  eaft  to  weft,  in  producing  thefe 
effeds. 

In  many  places  there  are  lands  lower  than 
the  level  of  the  fea,  and  which  are  only  de- 
fended from  it  by  an  ifthmus  of  rocks,  or  by 
banks  and  dykes  of  ftill  weaker  materials; 
thefe  barriers  muft  gradually  be  deftroyed  by 
the  confiant  adion  of  the  fea,  when  the  lands 

will 
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will  be  overflowed,  and  conftantly  make  part 
of  the  ocean.  Befides,  are  not  mountains 
daily  decreafing  by  the  rains  which  loofens  the 
earth,  and  carries  it  down  into  the  vallies  ? It 
is  alfo  well  known  that  floods  wafh  the  earth 
from  the  plains  and  high  grounds  into  the 
fmall  brooks  and  rivers,  who  in  their  turn 
convey  it  into  the  fea.  By  thefe  means  the 
bottom  of  the  fea  is  filling  up  by  degrees,  the 
furface  of  the  earth  lowering  to  a level,  and 
nothing  but  time  is  neceflary  for  the  fea’s  fuc- 
ceflively  changing  places  with  the  earth. 

I fpeak  not  here  of  thefe  remote  caufes  which 
ftand  above  our  comprehenfion  ; of  thofe  con- 
vulfions  of  nature,  whofe  leaft  effe£ts  would  be 
fatal  to  the  world  ; the  near  approach  of  a 
comet,  the  ab fence  of  the  moon,  the  intro- 
duction of  a new  planet,  &c.  are  fuppofitions 
on  which  it  is  eafy  to  give  fcope  to  the  ima- 
gination. Such  caufes  would  produce  any 
efFeCts  we  chofe,  and  from  a fingle  hypothefis 
of  this  nature,  a thoufand  phyfical  romances 
might  be  drawn,  and  which  the  authors  might 
term,  The  Theory  of  the  Earth . As  hiftorians 
we  rejeCt  thefe  vain  fpeculations  ; they  are 
mere  poffibilities  which  fuppofe  the  deftru£tion 
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of  the  univerfe,  in  which  our  globe,  like  a 
particle  of  forfaken  matter,  efcapes  our  obfer- 
vation,  and  is  no  longer  an  object  worthy  re- 
gard; but  to  preferve  confiftency,  we  muft 
take  the  earth  as  it  is,  clofely  obferving  every 
part,  and  by  induéiions  judge  of  the  future 
from  what  exifls  at  prefent  ; in  other  refpeéts 
we  ought  not  to  be  affe&ed  by  caufes  which 
feldom  happen,  and  whofe  effeéts  are  always 
fudden  and  violent  ; they  do  not  occur  in  the 
common  courfe  of  nature  ; but  effects  which 
are  daily  repeated,  motions  which  fucceed  each 
other  without  interruption,  and  operations  that 
are  confiant,  ought  alone  to  be  the  ground  of 
our  reafoning. 

We  will  add  fome  examples  thereto  ; we 
will  combine  particular  effe£ls  with  general 
caufes,  and  give  a detail  of  fa£ts  which  will 
render  apparent,  and  explain  the  different 
changes  that  the  earth  has  undergone,  whether 
by  the  eruption  of  the  fea  upon  the  land,  or 
by  retiring  from  that  which  it  had  formerly 
covered. 

The  greatefl  eruption  was  certainly  that 
which  gave  rife  to  the  Mediterranean  fea. 
The  ocean  flows  through  a narrow  channel 
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between  two  promontories  with  great  rapidity, 
and  then  forms  a vaft  fea,  which,  without  in- 
cluding the  Black  fea,  is  about  feven  times 
larger  than  the  kingdom  of  France.  Its  mo- 
tion through  the  ftraits  of  Gibraltar  is  con- 
trary to  all  other  vftraits,  for  the  general  mo- 
tion of  the  fea  is  from  eaft  to  weft,  but  in 
that  alone  it  is  from  the  weft*  to  the  eaft, 
which  proves  that  the  Mediterranean  fea  is  not 
an  ancient  gulph,  but  that  it  has  been  formed 
by  an  eruption,  produced  by  fome  accidental 
caufe  ; as  an  earthquake  which  might  fvvallow 
up  the  earth  in  the  ftrait,  or  by  a violent 
effort  of  the  ocean,  caufed  by  the  wind, 
which  might  have  forced  its  way  through 
the  banks  between  the  promontories  of  Gibral- 
tar and  Ceuta.  This  opinion  is  authorifed 
by  the  teftimony  of  the  ancients,  who  declare 
in  their  writings,  that  the  Mediterranean  fea 
did  not  formerly  exift  ; and  confirmed  by  na- 
tural hiftory  and  obfervations  made  on  the  op- 
pofite  coalts  of  Spain,  where  fimilar  beds  of 
ftones  and  earth  are  found  upon  the  fame  levels, 
in  like  manner  as  they  are  in  two  mountains 
feparated  by  a fmall  valley. 

The  ocean  having  forced  this  paffage,  it  ran 
at  firft  through  the  ftraits  with  much  greater 
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rapidity  {han  at  prefent,  and  overflowed  the 
continent  that  joined  Europe  to  Africa.  The 
waters  covered  all  the  low  countries,  of  which 
we  can  only  now  perceive  the  tops  of  fome  of 
the  confiderable  mountains,  fuch  as  parts  of 
Italy,  the  iflands  of  Sicily,  Malta,  Corfica, 
Sardinia,  Cyprus,  Rhodes,  and  thofe  of  the 
Archipelago. 

In  this  eruption  I have  not  included  the 
Black  fea,  becaufe  the  quantity  of  water  it 
receives  from  the  Danube,  Nieper,  Don,  and 
various  other  rivers,  is  fully  fufficient  to  form 
and  fupport  it  ; and  befides  it  flows  with  great 
rapidity  through  the  Bofphorous  into’the  Me- 
diterranean. It  might  alfo  be  prefumed  that 
the  Black  and  Çafpiaii  feas  were  formerly  only 
two  large  lakes,  joined  by  a narrow  commu- 
nication, or  by  a morafs,  or  fmall  lake,  which 
united  the  Don  and  the  Wolga  near  Tria, 
where  thefe  two  rivers  flow  near  each  other  ; 
nor  is  it  improbable  that  thefe  two  feas  or  lakes, 
were  then  of  much  greater  extent,  for  the  im- 
menfe  rivers  which  fall  into  the  Black  and 
Cafpian  Teas  may  have  brought  down  a fuffi- 
cient  quantity  of  earth  to  flint  up  the  commu- 
nication and  form  that  neck  of  land  by  which 
they  now  are  feparated  ; for  we  know  great 
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rivers,  in  the  courfe  of  time,  fill  up  feas  and 
form  new  land,  as  the  province  at  the  mouth 
of  the  Yellow  river  in  China  ; Louifania  at 
the  mouth  of  the  Miffilfippi,  and  the  northern 
part  of  Egypt,  which  owes  its  exiftence  to  the 
inundations  of  the  Nile;  the  rapidity  of  which 
brings  down  fuch  quantities  of  earth  from  the 
internal  parts  of  Africa,  as  to  depofit  on  the 
ihores,  during  the  inundations,  a body  of  (lime 
and  mud,  of  more  than  fifty  feet  in  depth. 
The  province  of  the  Yellow  river  and  Loui- 
fania, have,  in  like  manner,-  been  formed  by 
the  foil  from  the  rivers. 

The  Cafpian  fea  is  actually  a real  lake  ; hav- 
ing no  communication  with  other  feas,  not 
even  with  the  lake  Aral,  which  feems  to  .have 
been  a part  of  it,  being  only  feparated  from  it 
by  a large  track  of  fand,  in  which  neither  ri- 
vers nor  canals  for  communicating  the  waters 
have  as  yet  been  found.  N This  fea,  therefore, 
has  nQ  external  communication  with  any  other  ; 
and  I do  not  know  that  we  are  authorifed  to 
fufpe£l  that  it  has  an  internal  one  with  the 
Black  fea,  or  with  the  Gulph  of  Perfia.  It 
is  true  the  Cafpian  fea  receives  the  Wolga  and 
many  other  rivers,  which  feem  to  furnifh  it 
G 2 with 
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with  more  water  than  is  loft  by  evaporation  ; 
but  independent  of  the  difficulty  of  fuch  cal- 
culation, if  it  had  a communication  with  any 
other  fea,  a confiant  and  rapid  current  towards 
the  opening  would  have  marked  its  courfe, 
but  I never  heard  of  any  fuch  difcovery  being 
made  ; travellers,  of  the  beft  credit,  affirm  to 
the  contrary,  and  cônfequently  the  Cafpian  fea 
muft  lofe  by  evaporation  juft  as  much  water 
as  it  receives  from  the  Wolga  and  other 
rivers. 

Nor  is  it  any  improbable  conjecture  that  the 
Black  fea  will  at  fome  period  be  feparated  from 
the  Mediterranean  ; and  that  the  Bofphorous 
will  be  fliut  up,  whenever  the  great  rivers  ffiall 
have  accumulated  a fufficient  quantity  of  earth 
to  anfwer  that  effeCt  ; this  may  be  the  cafe  in 
the  courfe  of  time  by  the  fucceffive  diminution 
of  waters  in  rivers,  in  proportion  as  the  moun- 
tains from  whence  they  drawT  their  fources  are 
lowered  by  the  rains,  and  thofe  other  çaufes 
we  have  juft  alluded  to. 

The  Cafpian  and  Black  feas  muft  therefore 
be  looked  upon  rather  as  lakes  than  gulphs 
of  the  ocean,  for  they  refemble  other  lakes 
which  receive  a number  of  rivers  without  any 
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apparent  outlet,  fuch  as  the  Dead  fea,  many 
lakes  in  Africa  and  other  places.  Thefe  two 
feas  are  not  near  fo  fait  as  the  Mediterranean 
or  the  ocean  ; and  all  voyagers  affirm  that  the 
navigation  in  the  Black  and  Cafpian  feas,  upon 
account  of  its  ffiallownefs  and  quantity  of 
rocks  and  quickfands,  is  fo  extremely  dan- 
gerous, that  only  fmall  veffels  can  be  ufed  with 
fafety  ; which  farther  proves  they  muft  not  be 
looked  upon  as  gulphs  of  the  ocean,  but  as 
immenfe  bodies  of  water  collected  from  great 
rivers. 

A confiderable  eruption  of  the  fea  would 
doubtlefs  take  place  upon  the  earth,  if  the 
ifthmus  which  feparates  Africa  from  Afia  was 
divided,  as  the  Kings  of  Egypt,  and  after- 
wards the  Caliphs  projected  ; and  I do  not 
know  that  the  communication  between  the 
Red  fea  and  Mediterranean  is  fufficiently  efta- 
bliffied,  as  the  former  muft  be  higher  than  the 
latter.  The  Red  fea  is  a narrow  branch  of  the 
ocean,  and  does,  not  receive  into  it  a fingle 
river  on  the  fide  of  Egypt,  and  very  few  on 
the  oppofite  coaft  ; it  will  not  therefore  be  fub- 
je£t  to  diminution,  like  thofe  feas  and  lakes 
which  are  conftantly  receiving  flime  and  fand 
from  thofe  rivers  that  flow  into  them.  The 
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ocean  fupplies  the  Red  fea  with  all  its  water, 
and  the  motion  of  the  tides  is  very  evident  in 
it,  of  courfe  it  muft  be  affected  by  every  move- 
ment of  the  ocean.  But  the  Mediterranean 
muft  be  lower  than  the  ocean,  becaufe  the 
current  paffes  with  great  rapidity  through  the 
flraits  ; befides,  it  receives  the  Nile,  which 
flows  parallel  to  the  weft  coaft  of  the  Red 
fea,  and  which  divides  Egypt,  a very  low 
country  ; from  all  which  it  appears  probable, 
that  the  Red  fea  is  higher  than  the  Mediter- 
ranean, and  that  if  the  ifthmus  of  Suez  was 
cut  through  there  would  be  a great  inundation, 
and  a confiderable  augmentation  of  the  Medi- 
terranean would  enfue  ; at  leaft  if  the  waters 
were  not  reftrained  by  dykes  and  fluices  placed 
at  proper  diftances,  and  which  was  mo  ft  likely 
the  cafe  if  the  ancient  canal  of  communication 
ever  had  exiftence. 

Without  dwelling  longer  upon  conje&ures, 
which,  although  well  founded,  may  appear 
hazardous  and  rafh,  we  ftiall  give  fome  recent 
and  certain  examples  of  the  change  of  the  fea 
into  land,  and  the  land  into  fea.  At  Venice 
the  bottom  of  the  Adriatic  is  daily  rifing,  and 
if  great  care  had  not  been  taken  to  clean  and 
empty  the  canals,  the  whole  would  long  fince 
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have  formed  part  of  the  continent  ; the  fame 
may  be  faid  of  mod  ports,  bays,  and  mouths 
of  rivers.  In  Holland  the  bottom  of  the  fea 
has  rifen  in  many  places  ; the  gulph  of  Zuy- 
derzee,  and  the  ftrait  of  the  Texel  cannot 
receive  fuch  large  velTels  as  formerly.  At  the 
mouth  of  all  rivers  we  find  fmall  iflands,  and 
banks  of  fand  and  earth  brought  down  by  the 
waters,  and  it  is  certain  the  fea  will  be  filled 
up  in  every  part  where  great  rivers  empty 
themfelves.  The  Rhine  is  loft  in  the  fands 
which  itfelf  accumulated.  The  Danube  and 
the  Nile,  and  all  great  rivers,  after  bringing 
down  much  fand  and  earth,  no  longer  comes 
to  the  fea  by  a fingle  channel,  they  divide  into 
different  branches,  and  the  intervals  are  filled 
up  by  the  materials  they  have  themfelves 
brought  thither.  Moraffes  daily  dry  up  ; 
lands  forfaken  by  the  fea  are  cultivated,  we 
navigate  countries  now  covered  by  waters  ; 
in  fhort,  we  fee  fo  many  inftances  of  land 
changing  into  water,  and  water  into  land,  that 
we  muft  be  convinced  of  thefe  alterations 
having,  and  will  continue  to  take  place  ; fo 
that  in  time  gulphs  will  become  çontinents  ; 
ifthmuffes,  ftraits  ; moraffes,  dry  lands  ; and 
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the  tops  of  our  mountains  the  fhoals  of  the 
fea. 

Since  then  the  waters  have  covered,  and  may 
fucceffively  cover,  every  part  of  the  prefent  dry 
land,  our  furprife  mult  ceafe  at  finding  every 
where  marine  productions  and  competitions 
which  could  only  be  the  works  of  the  waters. 
We  have  already  explained  how  the  horizontal 
ftrata  of  the  earth  were  formed,  but  the  per- 
pendicular divifions  that  are  commonly  found 
in  rocks,  clays,  and  all  matters  of  which  the 
globe  is  compofed,  ttill  remain  to  be  confi- 
dered.  Thefe  perpendicular  tlratas  are,  in  fad, 
placed  much  farther  from  each  other  than  the 
horizontal,  and  the  fofter  the  matter  the  greater 
the  diftance  ; in  marble  and  hard  earths  they 
are  frequently  found  only  a few  feet  ; but 
if  the  mafs  of  rock  be  very  extenfive,  then 
thefe  fiflures  are  at  fome  fathoms  diftant  ; 
fometimes  they  defeend  from  the  top  of  the 
rock  to  the  bottom,  and  fometimes  terminate 
at  an  horizontal  fiflure.  They  are  always  per- 
pendicular in  the  ftrata  of  calcinable  matters, 
as  chalk,  marie,  marble,  &c.  but  are  more 
oblique  and  irregularly  placed  in  verifiable 
fubftances,  brown'  freeftone,  and  rocks  of 
flint,  where  they  are  frequently  adorned  with 
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chryftals,  and  other  minerals.  In  quarries  of 
marble  or  calcinable  ftone,  the  divifions  are 
filled  with  fpar,  gypfum,  gravel,  and  an 
earthy  fand,  which  contains  a great  quantity 
of  chalk.  In  clay,  maries,  and  every  other 
kind  of  earth,  excepting  turf,  thefe  perpen- 
dicular divifions  are  either  empty  or  filled  with 
fuch  matters  as  the  water  has  tranfported  thi- 
ther. 

We  need  feek  very  little  farther  for  the 
caufe  and  origin  of  thofe  perpendicular  cracks. 
The  materials  by  which  the  different  ftrata  are 
compofed  being  carried  by  the  water,  and  de- 
pofited  as  a kind  of  fediment,  muft  neceifarily, 
at  firft,  contain  ya  confiderable  fhare  of  water, 
the  which,  as  they  began  to  harden,  they  would 
part  with  by  degrees,  and,  as  they  muft  necef- 
farily  lelfen  in  the  courfe  of  drying,  that  de- 
creafe  would  occafion  them  to  fplit  at  irregular 
diftances.  They  naturally  fplit  in  a perpendi- 
cular direction,  becaufe  in  that  direétion,  the 
action  of  gravity  of  one  particle  upon  another 
has  no  actual  effect,  while,  on  the  contrary,  it 
is  dire&ly  oppofite  in  an  horizontal  fituation; 
the  diminution  of  bulk  therefore  could  have  no 
fenfible  effeét  but  in  a vertical  line.  I fay 
it  is  the  diminution  by  drying,  and  not  the  con- 
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tained  water  forcing  a place  to  iffue,  is  the 
caufe  of  thefe  perpendicular  fiffures,  for  I have 
often  obferved  that  the  two  fides  of  thofe 
fiffures  anfwer  throughout  their  whole  height, 
as  exa£tly  as  two  fides  of  a fplit  piece  of  wood  ; 
their  infides  are  rough  and  irregular,  whereas  if 
they  had  been  made  by  the  motion  of  the  water, 
they  would  have  been  fmooth  and  polilhed 
therefore  thefe  cracks  muff  be  produced  fed- 
denly  and  at  once,  or  by  degrees  in  drying, 
like  the  flaws  in  wood,  and  the  greateft  part 
of  the  water  they  contained  evaporated  through 
the  pores.  The  divisions  of  thefe  perpendi- 
cular cracks  vary  greatly  as  to  the  extent  of 
their  openings  ; feme  of  them  being  not  more 
than  half  an  inch,  others  encreafing  to  one  or 
two  feet  ; there  are  feme  many  fathoms,  and 
which  form  thofe  precipices  fo  often  met  with 
in  the  Alps  and  other  high  mountains.  The  fmall 
ones  are  produced  by  drying  alone,  but  thofe 
which  extend  to  feveral  feet  are  the  effe£ts  of 
other  caufes  ; for  inftance,  the  finking  of  the 
foundation  on  one  fide  while  the  other  remains 
unmoved  ; if  the  bafe  finks  but  a line  or  two, 
it  is  fefficient  to  produce  openings  of  many 
feet  in  a rock  of  confiderable  height.  Some- 
times rocks,  which  are  founded  on  clay  or 
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fand,  incline  to  one  fide,  by  which  motion  the 
perpendicular  cracks  become  extended. 

I have  not  yet  mentioned  thofe  large  open- 
ings which  are  found  in  rocks  and  mountains  ; 
they  muft  have  been  produced  by  great  fink- 
ings,  as  of  immenfe  caverns,  unable  longer  to 
fupport  the  weight  with  which  they  were  en- 
cumbered, but  thefe  intervals  are  very  diffe- 
rent from  perpendicular  fiffures  ; they  appear 
to  be  vacancies  opened  by  the  hand  of  Nature 
for  the  communication  of  nations.  In  this 
manner  all  vacancies  in  large  mountains  and 
divifions,  by  ftraits  in  the  fea,  feem  to  prefent 
themfelves;  fuch  as  the  ftraits  of  Thermopyles, 
the  ports  of  Caucafus,  the  Cordeliers,  the  ex- 
tremity of  the  ftraits  of  Gibraltar,  the  entrance 
of  the  Hellefpont,  &c.  thefe  could  not  have 
been  occafioned  by  the  fimple  reparation  by 
drying  of  matter,  but  by  confiderable  parts  of 
the  lands  themfelves  being  funk,  fwallowed 
up,  or  overturned. 

Thefe  great  finkings,  though  produced  by 
accidental  caufes,  hold  a firft  place  in  the  prin- 
cipal circumftances  in  the  Hiftory  of  the  Earth, 
and  not  a little  contributed  to  change  the  face 
of  the  Globe  ; the  greateft  part  of  them  have 
feeen  produced  by  fubterraneous  fires,  whofe 
H 2 explofions 
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cxplofions  caufe  earthquakes  and  volcanos  ; the 
force  of  thefe  inflamed  and  confined  matters  in 
the  bowels  of  the  earth  is  beyond  compare  ; by 
it  cities  have  been  fwallowed  up,  provinces 
overturned,  and  mountains  overthrown.  But 
however  great  this  force  may  be,  and  prodigious 
as  the  effefls  appear,  we  cannot  aflent  to  the 
opinion  of  thofe  authors  who  fuppofe  thefe  fub- 
terraneous  fires  proceed  from  an  immenfe  abyfs 
of  flame  in  the  centre  of  the  earth,  neither  give 
we  credit  to  the  common  notion  that  they  pro- 
ceed from  a great  depth  below  the  furface  of  the 
earth,  air  being  abfolutely  neceflary  for  the  fup- 
port  of  inflammation.  In  examining  the  ma- 
terials which  iflue  from  volcanos,  even  in  the 
moft  violent  eruptions,  it  appears  very  plain, 
that  the  furnace  of  the  inflamed  matters  is  not 
at  any  great  depth,  as  they  are  fipailar  to  thofe 
found  in  mountains,  disfigured  only  by  the  cal- 
cination, and  the  melting  of  the  metallic  parts 
which  tfiey  contain  ; and  to  be  convinced  that 
the  matters  caft  out  by  volcanos  do  not  come 
from  any  great  depth,  we  have  only  to  con- 
fider  of  the  height  of  the  mountain,  and 
judge  of  the  immenfe  force  that  would  be  ne- 
ceflary to  call:  up  ftones  and  minerals  to  the 
height  of  half  a league  ; for  Ætna,  Hecla, 
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and  many  other  volcanos  have  at  leaft  that  ele- 
vation from  the  plains.  Now  it  is  perfe£tly 
well  known  that  the  a£tion  of  fire  is  equal 
in  every  direction  ; it  cannot  therefore  a£l  up- 
wards, with  a force  capable  of  throwing  large 
flones  half  a league  high,  without  an  equal 
re-a£lion  downwards,  and  on  the  Tides,  and 
which  re-aétion  muft  very  foon  pierce  and  de- 
flroy  the  mountain  on  every  fide,  becaufe  the 
materials  which  compofe  it  are  not  more  denfe 
and  firm  than  thofe  thrown  out  ; how  then  can 
it  be  imagined  that  the  cavity,  which  muft  be 
confidered  as  the  type  or  cannon,  could  refill  fo 
great  a force  as  would  be  neceflary  to  raife  thofe 
bodies  to  the  mouth  of  the  volcano  ? Befides, 
if  this  cavity  was  deeper,  as  the external  orifice 
is  not  great,  it  would  be  impoffible  for  fo  large 
a quantity  of  inflamed  and  liquid  matter  to  iffue 
out  at  once,  without  clafhing  againfl  each 
other,  and  againfl  the  Tides  of  the  tube,  and  by 
palling  through  fo  long  a fpace  they  would  run 
the  chance  of  being  extinguifhed  and  hardened. 
We  often  fee  rivers  of  bitumen  and  melted  ful- 
phur,  thrown  out  of  the  volcanos  with  flones 
and  minerals,  flow  from  the  tops  of  the  moun- 
tains into  the  plains  ; is  it  natural  to  imagine 
that  matters  fo  fluid,  and  fo  little  able  to  refill 
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violent  a&ion,  fhould  be  elevated  from  any 
great  depth  ? All  the  obfervations  that  can  be 
made  on  this  fubjeft  will  prove  that  the  fire  of 
the  volcano  is  not  far  from  the  fummit  of  the 
mountain,  and  that  it  never  defcends  to  the  le- 
vel of  the  plain. 

This  idea  of  volcanos  does  not,  however, 
render  it  inconfiftent  that  they  are  the  caufe  of 
earthquakes,  and  that  their  fhocks  may  be  felt 
on  the  plains  to  very  confiderable  diftances  ; nor 
that  one  volcano  may  not  communicate  with 
another  by  means  of  fubterraneous  pafiages; 
but  it  is  of  the  depth  of  the  fire’s  confinement 
that  we  now  fpeak,  and  which  can  only  be 
at  a fmall  diftance  from  the  mouth  of  the  vol- 
cano. It  is  not  neceffary  to  produce  an  earth- 
quake on  a plain,  that  the  bottom  of  the  vol- 
cano fhould  be  below  the  level  of  that  plain  ; 
nor  that  there  fhould  be  internal  cavities  filled 
with  the  fame  combuflible  matter,  for  a vio- 
lent explofion,  fuch  as  generally  attends  an 
eruption  may,  like  that  of  a powder  magazine, 
give  fo  great  a fhock  by  its  re-a&ion,  as  to 
produce  an  earthquake  that  might  be  felt  at  a 
confiderable  diftance. 

I do  not  mean  to  fay  that  there  are  no  earth- 
quakes produced  by  fubterraneous  fires,  but 
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merely  that  there  are  fome  which  proceed  only 
from  the  explofion  of  volcanos.  In  confirma- 
tion of  what  has  been  advanced  on  this  fub- 
jeft,  it  is  certain  that  volcanos  are  feldom  met 
with  on  plains  ; on  the  contrary,  they  are  con- 
ftantly  found  in  the  higheft  mountains,  and 
their  mouths  at  the  very  fummit  of  them.  If 
the  internal  fires  of  the  volcanos  extended  be- 
low the  plains,  would  not  paflages  be  opened 
in  them  during  violent  eruptions  ? In  the  firft 
eruption  would  not  thefe  fires  rather  have 
pierced  the  plains,  where,  by  companion,  the 
refiflance  muft  be  infinitely  weaker,  than  force 
their  way  through  a mountain  more  than  half 
a league  in  height. 

The  reafon  why  volcanos  appear  alone  in 
mountains,  is,  becaufe  much  greater  quantities 
of  minerals,  fulphur,  and  pyrites,  are  contained 
in  mountains,  and  more  expofed  than  in  the 
plains  ; befides  which,  thofe  high  places  are 
more  fubjeft  to  the  impre fiions  of  air,  and  re- 
ceive greater  quantities  of  rains  and  damps,  by 
which  mineral  fubftances  are  capable  of  being 
heated  and  fermented  into  an  abfolute  ftate  of 
inflammation. 

In  fhort,  it  has  often  been  obferved,  that, 
after  violent  eruptions,  the  mountains  have 
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fhrunk  and  diminifhed  in  proportion  to  the 
quantity  of  matter  which  has  been  thrown  out  ; 
another  proof  that  the  volcanos  are  not  fituated 
at  the  bottom  of  the  mountain,  but  rather  at 
no  great  diftance  from  the  lummit  itfelf. 

In  many  places  earthquakes  have  formed 
confiderable  hollows,  and  even  reparations  in 
mountains  ; all  other  inequalities  have  been 
produced  at  the  fame  time  with  the  mountains 
themfelves  by  the  currents  of  the  fea,  for  in 
every  place  where  there  has  not  been  a violent 
convulfion,  the  ftrata  of  the  mountains  are  pa- 
rallel, and  their  angles  exactly  correfpond. 
Thofe  fubterraneous  caverns  which  have  been 
produced  by  volcanos  are  eafily  to  be  diflinguifh- 
ed  from  thofe  formed  by  water  ; for  the  water, 
having  walked  away  the  fand  and  clay  with 
which  they  \vere  filled,  leaves  only  the  ftones 
and  rocks,  and  this  is  the  origin  of  caverns  upon 
hills  ; while  thofe  found  upon  the  plains  are 
commonly  nothing  but  ancient  pits  and  quar- 
ries, fuch  as  the  fait  quarries  of  Maeftricht, 
the  mines  of  Poland,  &c.  But  natural  caverns 
belong  to  mountains  : they  receive  the  water 
from  the  fummit  and  its  environs,  from  whence 
it  ilfues  over  the  furnace  wherever  it  can  obtain 
a paffage  ; and  thefe  are  the  fources  of  fprings 
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and  rivers,  and  whenever  a cavern  is  filled  by 
any  part  falling  in,  an  inundation  generally 
enfues. 

From  what  we  have  related,  it  is  eafy  to  be 
feen  how  much  fubterraneous  fires  contribute 
to  change  the  furface  and  internal  part  of  the 
globe.  This  eaufe  is  fufficiently  powerful  to 
produce  very  great  effects  : but  it  is  difficult  to 
conceive  how  the  winds  fhould  occafion  any 
fenfible  alterations  upon  the  earth.  The  fea 
appears  to  be  their  empire,  and,  indeed,  ex- 
cepting the  tides,  nothing  has  fo  powerful  an 
influence  upon  the  ocean  ; even  the  flux  and 
reflux  move  in  an  uniform  manner,  and  their 
effects  are  regularly  the  fame  ; but  the  action 
of  the  winds  is  capricious  and  violent  ; they 
fometimes  rufli  on  with  fuch  impetuofity,  and 
agitate  the  fea  with  fuch  violence,  that  from  a 
calm,  fmooth,  and  tranquil  plain,  it  becomes 
furrowed  with  waves  rolling  mountains  high, 
and  dafhing  themfelves  to  pieces  againft  the 
rocks  and  ffiores.  The  winds  caufe  confiant 
alterations  on  the  furface  of  the  fea,  but  the 
furface  of  the  land,  which  has  fo  folid  an  ap- 
pearance, we  fhould  fuppofe  *vould  not  be  fub- 
je£t  to  fimilar  effetfis  ; by  experience,  however, 
it  is  known  that  the  winds  raife  mountains  of 
I fand 
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fand  in  Arabia  and  Africa  ; and  that  they  cover 
plains  with  it  ; they  frequently  tranfport  fand 
to  great  diflances,  and  many  miles  into  thefea, 
where  they  accumulate  in  fuch  quantities  as 
to  form  banks,  downs,  and  even  iflands.  It  is 
alfo  known  that  hurricanes  are  the  fcourge  of 
the  Antilles,  Madagafcar,  and  other  countries, 
where  they  a£t  with  fuch  fury,  as  to  fweep 
away  trees,  plants,  and  animals,  together  with 
the  foil  which  gave  them  fubfiflence.  they  caufe 
rivers  to  afcend  and  defcend,  and  produce  new 
ones  ; they  overthrow  rocks  and  mountains  ; 
they  make  holes  and  gulphs  in  the  earth,  and 
entirely  change  the  face  of  thofe  unfortunate 
countries  where  they  exift.  Happily  there  are 
but  few  climates  expofed  to  the  impetuofity  of 
thofe  dreadful  agitations  of  the  air. 

But  the  greateft  and  moil  general  changes  in 
the  furface  of  the  earth  are  produced  by  rains, 
floods,  and  torrents  from  the  high  lands. 
Their  origins  proceed  from  the  vapours  which 
the  fun  raifes  above  the  furface  of  the  ocean, 
and  which  the  wind  tranfports  through  every 
climate.  Thefe  vapours,  which  are  fuflainedin 
the  air,  and  conveyed  at  the  will  of  the  winds, 
are  flopped  in  their  progrefs  by  the  tops  of  the 
hills  which  they  encounter,  where  they  accu- 
mulate 


NATURAL  HISTORY. 


59 


mulate  until  they  become  clouds  and  fall  in  the 
form  of  rain,  dew,  or  fnow.  Thefe  waters  at 
firft  defcend  upon  the  plains  without  any  fixed 
courfe,  but  by  degrees  hollow  out  a bed  for 
themfelves  ; by  their  natural  bent  they  run  to 
the  bottom  of  mountains,  and  penetrating  or 
diifolving  the  land  eafieft  to  divide,  they  carry 
earth  and  fand  away  with  them,  cut  deep  chan- 
nels in  the  plains,  form  themfelves  into  rivers, 
and  open  a paflage  into  the  fea,  which  con- 
ftantlv  receives  as  much  water  from  the  land 
rivers  as  it  lofes  by  evaporation.  The  wind- 
ings in  the  channels  of  rivers  have  finuofities, 
whofe  angles  are  correfpondent  to  each  other, 
fo  that  where  the  waves  form  a faliant  angle  on 
one  fide,  the  other  has  an  exactly  oppofite  one  ; 
and  as  hills  and  mountains,  which  may  be  con- 
fidered  as  the  banks  of  the  vailles  which  fepa- 
rate  them,  have  alfo  finuofities  in  correfponding 
angles,  it  feems.to  demonftrate  that  the  vallies 
have  been  formed,  by  degrees,  by  the  currents 
of  the  fea,  in  the  fame  manner  as  the  rivers 
have  hollowed  out  their  beds  in  the  earth. 

The  waters  which  run  on  the  furl  ace  of  the 
£arth,  and  fupport  its  verdure  and  fertility,  are 
&ot  perhaps  one  half  of  thofe  which  the  vapours 
I 2 produce; 
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produce  ; for  there  are  many  veins  of  water 
which  fink  to  great  depths  in  the  internal  part 
of  the  earth.  In  fome  places  we  are  certain  to 
meet  with  water  by  digging  ; in  others,  not  any 
can  be  found.  In  almofl:  all  vallies  and  low 
grounds  water  is  certain  to  be  met  with  at  mo- 
derate depths  ; but,  on  the  contrary,  in  all  high 
places  it  cannot  be  extra£led  from  the  bowels 
of  the  earth,  but  muft  be  colle&ed  from  the 
heavens.  There  are  countries  of  great  extent 
where  a fpring  cannot  be  found,  and  where  all 
the  water  which  fupplies  the  inhabitants  and 
animals  with  drink  is  contained  in  pools  and  cif- 
terns.  In  the  eaft,  efpecially  in  Arabia,  Egypt, 
and  Perfia,  wells  are  extremely  fcarce,  and  the 
people  have  been  obliged  to  make  refervoirs  of 
a confiderable  extent  to  collect  the  waters  as  it 
falls  from  the  Heavens.  Thefe  works,  pro- 
je6ted  and  executed  from  public  neceflity,  are 
the  moll  beautiful  and  magnificent  monuments 
of  the  eaftern  nations  ; fome  of  the  refervoirs 
occupy  a fpace  of  two  fquare  miles,  and  ferve 
to  fertilize  whole  provinces,  by  means  of  baths 
and  fmall  rivulets  that  let  it  out  on  every  fide. 
But  in  low  countries,  where  the  greateft  rivers 
flow,  we  cannot  dig  far  from  the  furface,  with- 
out 
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out  meeting  with  water,  and  in  fields  fituate  in 
the  environs  of  rivers  it  is  often  obtained  by  a 
few  ftrokes  with  a pick-axe. 

The  water,  found  in  fuch  quantities  in  low 
grounds,  comes  principally  from  the  neigh- 
bouring hills  and  eminences  ; at  the  time  of 
great  rains  or  fudden  melting  of  fnow,  a part 
of  the  water  flows  on  the  furface,  but  moil  of 
it  penetrates  through  the  final]  cracks  and  cre- 
vices it  finds  in  the  earth  and  rocks.  This 
water  fprings  up  again  to  the  furface  wTherever 
it  can  find  vent  ; but  it  often  filters  through 
the  fand  until  it  comes  to  a bottom  of  clay  or 
folid  earth,  where  it  forms  fubterraneous  lakes, 
rivulets,  and  perhaps  rivers,  whofe  courfes  are 
entirely  unknown;  they  muft,  however,  follow 
the  general  laws  of  nature,  and  conftantly  flow 
from  the  higher  grounds  to  the  lower,  and  con- 
sequently thefe  fubterraneous  waters  muft,  in 
the  end,  fall  into  the  fea,  or  collect  in  fome  low 
place,  either  on  the  furface  or  in  the  interior 
part  of  the  earth  ; for  there  are  feveral  lakes 
into  which  no  rivers  enter,  nor  from  which 
there  are  not  any  iflue  ; and  a much  greater 
number,  which  do  not  receive  any  confiderable 
river,  that  are  the  fources  of  the  greateft  rivers 
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on  earth  ; fuch  as  the  lake  of  St.  Laurence  ; 
thelakeChiamè,  from  whence  fpring  two  great 
rivers  that  water  the  kingdoms  of  Afam  and 
Pegu  ; the  lake  of  Affiniboil  in  America;  thofe 
of  Ozera  in  Mufcovy,  that  give  rife  to  the 
river  Irtis,  and  a great  number  of  others. 
Thefe  lakes,  it  is  evident,  muft  be  produced  by 
the  waters  from  the  high  lands  paffing  through 
fubterraneous  paflfages,  and  colle&ing  in  the 
loweft  places.  Some  indeed  have  aflerted  that 
lakes  are  to  be  found  on  the  fummit  of  the 
higheft  mountains;  but  to  this  no  credit  can  be 
given,  for  thofe  found  on  the  Alps,  and  other 
elevated  places,  are  all  furrounded  by  much 
more  lofty  mountains,  and  derive  their  origin 
from  the  waters  which  run  down  the  fides,  or 
are  filtered  through  thofe  eminences  in  the  fame 
manner  as  the  lakes  in  the  plains  obtain  their 
fources  from  the  neighbouring  hills  which 
over-top  them. 

It  is  apparent,  therefore,  that  lakes  have 
exiftence  in  the  bowels  of  the  earth,  efpecially 
under  large  plains  and  extenfive  vallies.  Moun- 
tains, hills,  and  all  eminences  have  either  a 
perpendicular  or  inclined  fituation,  and  are 
expofed  on  all  fides  ; the  waters  which  fall  on 
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their  fummits,  after  having  penetrated  into  the 
earth,  cannot  fail,  from  the  declivity  of  the 
ground,  of  finding  iffue  in  many  places,  and 
breaking  in  forms  out  of  fprings  and  fountains, 
and  confequently  there  will  be  little,  if  any 
water,  remain  in  the  mountains.  On  the  con- 
trary, in  plains,  as  the  water  which  filters 
through  the  earth  can  find  no  vent,  it  muft  col- 
lect in  fubterraneous  caverns,  or  be  difperfed 
and  divided  among  fand  and  gravel.  It  is  thefe 
waters  which  are  fo  univerfally  diffu fed  through 
low  grounds.  The  bottom  of  a pit  or  well  is 
nothing  elfe  but  a kind  of  bafon  into  which 
the  waters  that  iffue  from  the  adjoining  lands 
infinuate  themfelves,  at  firft  failing  drop  by 
drop,  but  afterwards,  as  the  paffages  are  open- 
ed- it  receives  fupplies  from  greater  diftances, 
and  then  continually  runs  in  little  flreams  or 
rills  ; from  which  circurnftance,  although  we 
can  find  water  in  any  part  of  a plain,  yet  we 
can  obtain  a fupply  but  for  a certain  number 
of  wells,  proportionate  to  the  quantity  of  wa- 
ter difperfed,  or  rather  to  the  extent  of  the 
higher  lands  from  whence  they  come. 

It  is  unneceffary  to  dig  below  the  level  of 
the  river  to  find  water  ; it  is  generally  met  with 
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at  much  lefs  depths,  and  there  is  no  appear- 
ance that  waters  of  rivers  filter  far  through 
the  earth.  The  origin  of  waters  found  in  the 
earth  below  the  level  of  rivers  are  not  to  be 
attributed  to  them  ; for  in  rivers  or  torrents 
which  are  dried  up,  or  whofe  courfes  have  been 
turned,  we  find  no  greater  quantity  of  water 
by  digging  in  their  beds  than  in  the  neighbour- 
ing lands  at  an  equal  depth. 

A piece  of  land  of  five  or  fix  feet  in  thick- 
nefs  is  fufficient  to  contain  water,  and  pre- 
vent it  from  efcaping  ; and  I have  often  ob- 
ferved  that  the  banks  of  brooks  and  pools  are 
not  fenfibly  wet  at  fix  inches  diftance  from  the 
water. 

It  is  true  that  the  extent  of  the  filtration 
is  in  proportion  as  the  foil  is  more  or  lefs 
penetrable  ; but  if  we  examine  the  Handing 
pools  with  fandy  bottoms,  we  fhall  perceive 
the  water  confined  in  the  fmall  compafs  it  had 
hollowed  itfelf,  and  the  moifture  fpread  but  a 
very  few  inches  ; even  in  vegetable  earth  it  has 
no  great  extent,  which  muft  be  more  porous 
than  fand  or  hard  foil.  It  is  a certain  fa£t, 
that  in  a garden  we  may  almofl  inundate 
one  bed  without  thofe  nearly  adjoining  feeling 
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any  moifture  from  it  I have  examined 
pieces  of  garden  ground,  eight  or  ten  feet 
thick,  which  had  not  been  ftirred  for  many 
years,  and  whofe  furface  was  nearly  level,  and 
found  that  the  rain  water  never  penetrated 
deeper  than  three  or  four  feet  ; and  on  turning 
it  up  in  the  fpring,  after  a wet  winter,  I found 
it  as  dry  as  when  firft  heaped  together. 

I made  the  fame  obfervation  on  earth  which 
had  laid  in  ridges  two  hundred  years  ; below 
three  or  four  feet  it  was  as  dry  as  duft  ; from 
which  it  is  plain  that  water  does  not  extend 
fo  far  by  filtration  as  has  been  generally  ima- 
gined. 

By  this  means,  therefore,  the  internal  part 
of  the  earth  can  be  fupplied  with  a very  fmall 
part  ; but  water  by  its  own  weight  defcends 
from  the  furface  to  the  greateft  depths  ; it  finks 
through  natural  conduits,  or  penetrates  fmall 
partages  for  itfelf  ; it  follows  the  roots  of  trees, 
the  cracks  in  rocks,  the  interftices  in  the  earth, 
and  divides  and  extend;,  on  all  fides  into  an  in- 
finity of  fmall  branches  and  rills,  always  de- 
VOL.  1.  K fcending 
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fcending  until  its  paflage  is  oppofed  by  clay  or 
fome  folid  body,  where  it  continues  collecting, 
and  at  length  breaks  out  in  form  of  fprings 
upon  the  fur  face. 

It  would  be  very  difficult  to  make  an  exaCt 
calculation  of  the  quantity  of  fubterraneous 
waters  which  have  no  apparent  vent.  Many 
have  pretended  that  it  greatly  furpafles  all 
the  waters  that  are  on  the  furface  of  the 
earth. 

Without  mentioning  thofe  who  have  advanc- 
ed that  the  interior  part  of  the  globe  is  entirely 
filled  with  water,  there  are  fome  who  believe 
there  are  an  infinity  of  floods,  rivulets,  and 
lakes  in  the  bowels  of  the  earth.  But  this 
opinion  does  not  feem  to  be  properly  founded, 
and  it  is,  more  probable  that  the  quantity  of 
fubterraneous  water,  which  never  appears  on 
the  furface,  is  not  very  confiderable  ; for  if  thefe 
fubterraneous  rivers  are  fo  very  numerous,  why 
do  we  never  fee  any  of  their  mouths  forcing 
their  way  through  the  furface  ? Befides,  ri- 
vers, and  all  running  waters,  produce  great 
alterations  on  the  furface  of  the  earth  ; they 
tranfport  the  foil,  wTear  away  the  moft  folid 
rocks,  and  difplace  all  matters  which  oppofe 
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their  paffage.  It  would  certainly  be  the  fame 
in  fubterraneous  rivers;  the  fame  effefts  would 
be  produced  ; but  no  fuch  alterations  have  ever 
as  yet  been  obferved  ; the  different  ftrata  re- 
mains parallel,  and  every  where  preferves  its 
original  pofition  ; and  it  is  but  in,  a very  few 
places  that  any  confiderable  fubterraneous  veins 
of  water  have  been  difcovered.  Thus  water 
in  the  internal  part  of  the  earth,  though  great, 
a£ts  but  in  a fmall  degree,  as  it  is  divided  in  an 
infinity  of  little  ftreams,  and  retained  by  a num- 
ber of  obftacles  ; and  being  fo  generally  dif- 
perfed,  it  gives  rife  to  many  fubftances  totally 
different  from  primitive  matters,  both  in  form 
and  organization. 

From  all  thefe  obfervations  we  may  fairly 
conclude,  that  it  is  the  continual  motion  of  the 
flux  and  reflux  of  the  fea  which  has  produced 
mountains,  vallies,  and  other  inequalities  on 
the  furface  of  the  earth  ; that  it  is  the  currents 
of  the  ocean  which  have  hollowed  vallies,  rail- 
ed hills,  and  given  them  correfponding  direc- 
tions ; that  it  is  thofe  waters  of  the  fea  which, 
by  tranfporting  earth,  &c.  and  depofiting  them 
in  horizontal  layers,  have  formed  the  parallel 
firata  ; that  it  is  the  waters  from  heaven, 
K 2 which 
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which  by  degrees  deftroy  the  effe&s  of  the 
fea,  by  continually  lowering  the  fummit  of 
mountains,  filling  up  vallies,  and  flopping  the 
mouths  of  gulphs  and  rivers,  and  which,  by 

1 bringing  all  to  a level,  will,  in  the  courfe  of 
time,  return  this  earth  to  the  fea,  which,  by  its 
natural  operations,  will  again  form  new  conti- 
nents, containingvallies  and  mountains  exactly 
fimilar  to  thofe  which  we  at  prefent  inhabit. 
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PROOF  OF  THE 

THEORY  OF  THE  EARTH. 


article  I. 

ON  THE  FORMATION  OF  THE  PLANETS. 

UR  fubjeft  being  Natural  Hiftory,  we 


would  willingly  difpenfe  with  aftrono- 
mical  obfervations  ; but  as  the  nature  of  the 
earth  is  fo  clofely  connected  with  the  heavenly 
bodies,  and  fuch  obfervations  being  calculated 
to  illuftrate  more  fully  what  has  been  faid,  it 
is  neceflary  to  give  fome  general  ideas  of  the 
formation,  motion,  figure  of  the  earth  and 
other  planets. 

The  earth  is  a globe  of  aboût  three  thoufand 
leagues  diameter  ; it  is  fituate  one  thoufand 
millions  of  leagues  from  the  fun,  around 
which  it  makes  its  revolution  in  three  hundred 
and  fixty-five  days.  This  revolution  is  the 
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refult  of  two  forces,  the  one  may  be  confider- 
ed  as  an  impulfe  from  right  to  left,  or  from 
left  to  right,  and  the  other  an  attraction  from 
above  downwards,  or  beneath  upwards,  to  a 
common  centre.  The  direction  of  thefe  two 
forces,  and  their  quantities,  are  fo  nicely  com- 
bined and  proportioned,  that  they  produce  an 
almofl  uniform  motion  in  an  illipfe,  very  near 
to  a circle.  Like  the  other  planets  the  earth 
is  opaque,  it  throws  but  a fhadow  ; it  receives 
and  reflects  the  light  of  the  fun,  round  which 
it  revolves  in  a fpace  of  time  proportioned  to 
its  relative  diftance  and  denfity.  It  alfo  turns 
round  its  own  axis  once  in  twenty-four  hours, 
and  its  axis  is  inclined  66^  degrees  on  the  plane 
of  the  orbit.  Its  figure  is  fpheriodical,  the 
two  axes  of  which  differ  about  160th  part  from 
each  other,  and  the  fmalleft  axis  is  that  round 
which  the  revolution  is  made. 

Thefe  are  the  principal  phenomena  of  the 
earth,  the  refult  of  difcoveries  made  by  means 
of  geometry,  aftronomy,  and  navigation.  We 
{hall  not  here  enter  into  the  detail  of  the  proofs 
and  obfervations  by  which  thofe  fadls  have 
been  afcertained,  but  only  make  a few  remarks 
to  clear  up  what  is  ftill  doubtful,  and  at  the 

fame 
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fame  time  give  our  ideas  refpe&ing  the  forma- 
tion of  the  planets,  and  the  different  changes 
thro’  which  it  is  poflible  they  have  paffed  before 
they  arrived  at  the  (late  we  at  prefent  fee  them. 

There  have  been  fo  many  fvftems  and  hypo- 
thefes  framed  upon  the  formation  of  the  ter- 
reftrial  globe,  and  the  changes  which  it  has  un- 
dergone, that  we  may  prefume  to  add  our  con- 
jectures to  thofe  who  have  written  upon  the 
fubjeCt,  efpecially  as  we  mean  to  fupport  them 
with  a greater  degree  of  probability  than  has 
hitherto  been  done  : and  we  are  the  more  in- 
clined to  deliver  our  opinion  upon  this  fubjeCt, 
from  the  hope  that  we  (hall  enable  the  reader 
to  pronounce  on  the  difference  between  an  hy- 
pothefis  drawn  from  pollibilities,  and  a theory 
founded  on  faCts  ; between  a fyftem,  fuch  as 
we  are  here  about  to  prefent,  on  the  formation 
and  original  (late  of  the  earth,  and  a phyfical 
hiftory  of  its  real  condition,  which  has  been 
given  in  the  preceding  difcourfe. 

Galileo  having  found  the  laws  of  falling 
bodies,  and  Kepler  having  obferved  that  the 
area  defcribed  by  the  principal  planets  in  mov- 
ing round  the  fun,  and  thofe  of  the  fatellites 
round  the  planets  to  which  they  belong,  are 
proportionable  to  the  time  of  their  revolutions, 

and 
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and  that  fuch  periods  were  alfo  in  proportion 
to  the  fquare  roots  of  the  cubes  of  their  dif- 
tances  from  the  fun,  or  principal  planets. 
Newton  found  that  the  force  which  caufed 
heavy  bodies  to  fall  on  the  furface  of  the  earth, 
extended  to  the  moon,  and  retained  it  in  its 
orbit  ; that  this  force  diminiftied  in  the  fame 
proportion  as  the  fquare  of  the  diftance  increas- 
ed, and  confequently  that  the  moon  is  attra&ed 
by  the  earth  ; that  the  earth  and  planets  are 
attracted  by  the  fun  ; and  that  in  general  all 
bodies  which  revolve  round  a centre,  and  de- 
fcribe  areas  proportioned  to  the  times  of  their 
revo’ution,  are  attraéled  towards  that  point. 
This  power,  known  by  the  name  of  gravity , is 
therefore  diffufed  throughout  all  matter  ; pla- 
nets, comets,  the  fun,  the  earth,  and  all  na- 
ture, is  fubjeél;  to  its  laws,  and  it  Serves  as  a 
bafis  to  the  general  harmony  which  reigns  in 
the  univerfe.  Nothing  is  better  proved  in 
phyfics  than  the  adlual  exiftence  of  this  power 
in  every  material  fubftance.  Obfervation  has 
confirmed  the  effets  of  this  power,  and  geome- 
trical calculations  have  determined  the  quan- 
tity and  relations  of  it. 

This  general  caufe  being  known,  the  effects 
would  eafily  be  deduced  from  it,  if  the  aétion 

of 
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of  the  powers  which  produce  it  were  not  too 
complicated.  A fingle  moment’s  reflection 
upon  the  folar  fyftem  will  fully  demonftrate 
the  difficulties  that  have  attended  this  fubject  ; 
the  principal  planets  are  attracted  by  the  fun, 
and  the  fun  by  the  planets  ; the  fatellites  are 
alfo  attracted  by  their  principal  planets,  and 
each  planet  attracts  all  the  reft,  and  is  at- 
tracted by  them.  All  thefe  actions  and  re- 
actions vary  according  to  the  quantities  of 
matter  and  the  diftances,  and  produce  great  in- 
eqùalities  and  irregularities.  How  is  fo  great 
a number  of  connections  to  be  combined  and 
eftimated  ? It  appears  almoft  impoffible  in 
fuch  a crowd  of  objects  to  follow  any  par- 
ticular one  ; neverthelefs  thofe  difficulties  have 
been  furmounted,  and  calculation  has  confirm- 
ed the  fuppofitions  of  them,  each  obfervation 
is  become  a new  demonftration,  and  the-fyfte- 
matic  order  of  the  univerfe  is  laid  open  to  the 
eyes  of  all  thofe  who  can  diftinguilh  truth 
from  error. 

We  feel  fome  little  ftop,  by  the  force  of 
impulfion  remaining  unknown  ; but  this,  how- 
ever, does  not  by  any  means  affect  the  ge- 
neral theory.  We  evidently  fee  the  force  of 
attraction  always  draws  the  planets  towards 
vol.  l.  L the 
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the  fun,  they  would  fall  in  a perpendicular  line, 
on  that  planet,  if  they  were  not  repelled  by 
fome  other  power  that  obliges  them  to  move 
in  a flraight  line,  and  which  impulfive  force 
would  compel  them  to  fly  off  the  tangents  of 
their  refpeCtive  orbits,  if  the  force  of  attraction 
ceafed  one.  moment.  The  force  of  impulfion 
was  certainly  communicated  to  the  planets  by 
the  hand  of  the  Almighty,  when  he  gave  mo- 
tion to  the  univerfe;  but  we  ought  as  much  as 
poffible  to  abftain  in  phyfics  from  having  re- 
courfe  to  fupernatural  caufes  ; and  it  appears 
that  a probable  reafon  may  be  given  for  this 
impulfive  force,  perfectly  accordant  with  the 
law  of  mechanics,  and  not  by  any  means 
more  aftonifhing  than  the  changes  and  revo- 
lutions which  may  and  muft  happen  in  the 
univerfe. 

The  fphere  of  the  fun’s  attraction  does  not 
confine  itfelf  to  the  orbs  of  the  planets,  but 
extends  to  a. remote  diftance,  always  decreafing 
imthe  fame  ratio  as  the  fquare  of  the  diftance 
increafes  ; it  is  demonftrated  that  the  comets 
which  are  loft  to  our  fight,  in  the  regions  of 
the  fky,  obey  this  power,  and  by  it  their  mo- 
tions, like  that  of  the  planets,  are  regulated. 
All  thefe  ftars,  whofe  traCts  are  fo  different* 
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move  round  the  fun,  and  defcribe  areas  pro- 
portioned to  the  time  ; the  planets  in  ellipfes 
more  or  lefs  approaching  a circle,  and  the 
comets  in  narrow  ellipfes  of  a great  extent. 
Comets  and  planets  move,  therefore,  by  virtue 
of  the  force  of  attraction  and  impulfion,  which 
continually  aCting  at  one  time  obliges  them  to 
defcribe  thefe  courfes  ; but  it  muff  be  remark** 
ed  that  comets  pafs  over  the  folar  fyftem  in  all 
directions,  and  that  the  inclinations  of  their 
orbits  are  very  different,  infomuch  that,  al- 
though fubjeCt  like  the  planets  to  the  force  of 
attraction,  they  have  nothing  in  common  with 
refpeCt  to  their  progreffive  or  impulfive  mo- 
tions, but  appear  in  this  refpeCt  independent 
of  each  other  : the  planets,  on  the  contrary, 
move  round  the  fun  in  the  fame  direction,  and 
almoft  in  the  fame  plane,  never  exceeding  y|- 
degrees  of  inclination  in  their  planes,  the  moft 
diftant  from  their  orbits.  This  conformity  of 
polition  and  direction  in  the  motion  of  the 
planets,  neceffarily  implies  that  their  impul- 
five force  has  been  communicated  to  them  by 
one  and  the  fame  caufe. 

May  it  not  be  imagined,  with  fome  degree 
of  probability,  that  a comet  falling  into  the 
body  of  the  fun,  will  difplace  and  feparate  fome 
L 2 parts 


buffon’s 


76 

parts  from  the  furface,  and  communicate  to 
them  a motion  of  impulfion,  infomuch  that 
the  planets  may  formerly  have  belonged  to  the 
body  of  the  fun,  and  been  detached  therefrom 
by  an  impulfive  force,  and  which  they  ftill 
preferve. 

This  fuppofition  appears  to  be  at  lead:  as 
well  founded  as  the  opinion  of  Leibnitz,  who 
fuppofes  that  the  earth  and  planets  have  for- 
merly been  funs  ; and  his  fyftem,  of  which  an 
account  will  be  given  in  the  fifth  article, 
would  have  been  more  comprehenfive  and 
more  agreeable  to  probability,  if  he  had  raifed 
himfelf  to  this  idea.  We  agree  with  him  in 
thinking  that  this  effeft  was  produced  at  the 
time  when  Mofes  faid  that  God  divided  light 
from  darknefs  ; for,  according  to  Leibnitz, 
light  was  divided  from  darknefs  when  the 
planets  were  extinguifhed  ; but  in  our  fup- 
pofition there  was  a real  phyfical  feparation, 
fince  the  opaque  bodies  of  the  planets  were  di- 
vided from  the  luminous  matter  which  com- 
pofes  the  fun. 

This  idea  of  the  caufe  of  the  impulfive 
force  of  the  planets  will  be  found  much  lefs 
obje&ionable,  when  an  eftimation  is  made  of 
the  analogies  and  degrees  of  probability,  by 

which 
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which  it  may  be  fupported.  In  the  firft  place, 
the  motion  of  the  planets  is  in  the  fame  direc- 
tion, from  Weft  to  Eaft,  and  therefore,  accord- 
ing to  calculation,  it  is  fixty-four  to  one  that 
fuch  would  not  have  been  the  cafe  if  they  had 
not  been  indebted  to  the  fame  caufe  for  their 
impulfive  forces. 

This,  probably,  will  be  confiderably  aug- 
mented by  the  fécond  analogy,  viz.  that  the 
inclination  of  the  planes  of  the  orbits  do  not 
exceed  7I  degrees  ; for,  by  comparing  the 
fpaces,  we  fhall  find  there  is  twenty-four  to 
one,  that  two  planets  are  found  in  their  moft 
diftant  places  at  the  fame  time,  and  confe- 
quently  ■£,  or  7,692,624  to  one,  that  all  fix 
would  by  chance  be  thus  placed  ; or  what 
amounts  to  the  fame,  there  is  a great  degree 
of  probability  that  the  planets  have  been  im- 
prefled  with  one  common  moving  force,  and 
which  has  given  them  this  pofition.  But  what 
can  have  beftowed  this  common  impulfive  mo- 
tion, but  the  force  and  dire&ion  of  the  bodies 
by  which  it  was  originally  communicated  ? it 
may  therefore  be  concluded,  with  great  proba- 
bility, that  the  planets  received  their  impul- 
five motion  by  one  fingle  ftroke.  This  like- 
lihood, which  is  almoft  equivalent  to  a cer- 
tainty, 
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tainty,  being  eftablifhed,  I feek  to  know  what 
moving  bodies  could  produce  this  effedl,  and  I 
find  nothing  but  comets  capable  of  communi- 
cating a motion  to  fuch  vaft  bodies. 

By  examining  the  courfe  of  comets,  we  (hall 
be  eafily  perfuaded,  that  it  is  almoft  necefTary 
for  fome  of  them  occafionally  to  fall  into  the 
fun.  That  of  1680  approached  fo  near,  that 
at  its  perihelium  it  was  not  more  diftant  from 
the  fun  than  a fixteenth  part  of  its  diameter, 
and  if  it  returns,  as  there  is  every  appearance 
it  will,  in  2255,  it  may  then  poffibly  fall  into 
the  fun  ; that  mu  ft  depend  on  the  rencounters 
it  will  meet  with  in  its  road,  and  of  the  retard- 
ment it  fuffers  in  pafling  through  the  atmo- 
fphere  of  the  fun 

We  may,  therefore,  prefume  with  the  great 
Newton,  that  comets  fometimes  fall  into  the 
fun  ; but  this  fall  may  be  made  in  different 
directions.  If  they  fall  perpendicular,  or  in  a 
direction  not  very  oblique,  they  will  remain  in 
the  fun,  and  ferve  for  food  to  the  fire  which 
that  luminary  confumes,  and  the  motion  of 
impulfion  which  they  will  have  communicated 
to  the  fun,  will  produce  no  other  effeft  than 
that  of  removing  it  more  or  lefs,  according  as 
the  mafs  of  the  comet  will  be  more  or  lefs 

confi- 
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confiderable  : but  if  the  fall  of  the  comet  is  in 
a very  oblique  direction,  which  will  moft  fre- 
quently happen,  then  the  comet  will  only  graze 
the  furface  of  the  fun,  or  (lightly  furrow  it  ; 
and  in  this  cafe  it  may  drive  out  fome  parts  of 
matter  to  which  it  will  communicate  a com- 
mon motion  of  impulfion,  and  thefe  parts  fo 
forced  out  of  the  body  of  the  fun,  and  even  the 
comet  itfelf  may  then  become  planets,  and  turn 
round  this  luminary  in  the  fame  direction,  and 
in  almofl:  the  fame  plane.  We  might  perhaps 
calculate  what  quantity  of  matter,  velocity,  and 
direction  a comet  (liould  have,  to  impel  from 
the  fun  an  equal  quantity  of  matter  to  that 
which  the  fix  planets  and  their  fatellites  con- 
tain ; but  it  will  be  fufficient  to  obferve  here, 
that  all  the  planets,  with  their  fatellites,  do  not 
make  the  650th  part  of  the  mafs  of  the  fun*, 
becaufe  the  denfity  of  the  large  planets,  Saturn 
and  Jupiter,  is  lefs  than  that  of  the  fun  ; and 
although  the  earth  be  four  times,  and  the  moon 
near  five  times  more  denfe  than  the  fun,  they 
are  neverthelefs  but  as  atoms  in  comparifon 
with  his  extenfive  body. 

However  inconfiderable  the  650th  part  may 
be,  yet  it  certainly  at  firft  appears  to  require  a 
very  powerful  comet  to  feparate  even  that  much 

from 
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from  the  body  of  the  fun  ; but  if  we  refleft  on 
the  prodigious  velocity  of  comets  in  their  peri- 
helion, a velocity  fo  much  the  greater  as  they 
approach  nearer  the  fun  ; if,  befides,  we  pay 
attention  to  the  denfity  and  folidity  of  the 
matter  of  which  they  muft  be  compofed,  to 
fuffer,  without  being  deftroyed,  the  incon- 
ceivable heat  they  endure  ; and  confider  the 
bright  ,and  folid  light  which  fhines  through 
their  dark  and  immenfe  atmofpheres,  which 
furround  and  mufl  obfcure  them,  it  cannot  be 
doubted  that  the  comets  are  compofed  of  ex- 
tremely folid  and  denfe  matters,  and  that  they 
contain  a greater  quantity  of  matter  in  a fmall 
compafs  ; that  confequently  a comet  of  no 
extraordinary  bulk  may  have  fufficient  weight 
and  velocity  to  difplace  the  fun,  and  give  a 
projectile  motion  to  a quantity  of  matter, 
equal  to  the  650th  part  of  the  mafs  of  this 
luminary.  This  perfectly  agrees  with  what 
is  known  concerning  the  denfity  of  planets, 
which  always  decreafes  as  their  diflance  from 
the  fun  is  increafed,  they  having  lefs  heat  to 
fupport  ; fo  that  Saturn  is  lefs  denfe  than  Ju- 
piter, and  Jupiter  much  lefs  than  the  earth; 
therefore  if  the  denfity  of  the  planets  be,  as 
Newton  alferts,  proportionable  to  the  quan- 
tity 
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tity  of  heat  which  they  have  to  fupport,  Mer- 
cury will  be  feven  times  more  denfe  than  the 
earth,  and  twenty-eight  times  denfer  than 
the  fun  ; and  the  comet  of  1680  would  be 
28,000  times  denfer  than  the  earth,  or  112,000 
times  denfer  than  the  fun,  and  by  fuppofing  it 
as  large  as  the  earth,  it  would  contain  nearly 
an  equal  quantity  of  matter  to  the  ninth  part 
of  the  fun,  or  by  giving  it  only  the  100th 
part  of  the  fize  of  the  earth,  its  mafs  would 
ftill  be  equal  to  the  900th  part  of  the  fun. 
From  whence  it  is  eafy  to  conclude,  that  fuch 
a body,  though  it  would  be  but  a fmall  comet, 
might  feparate  and  drive  off  from  the  fun  a 
900th  or  a 650th  part,  particularly  if  we  at- 
tend to  the  immenfe  velocity  with  which  co- 
mets move  when  they  pafs  in  the  vicinity  of 
the  fun* 

Befides  this,  the  conformity  between  the 
denfity  of  the  matter  of  the  planets,  that  of 
the  fun  deferves  fome  attention.  It  is  well 
known  that  both  on  and  near  the  furface  of 
the  earth,  there  are  fome  matters  14  or  1500 
times  denfer  than  others.  The  denfities  of 
gold  and  air  are  nearly  in  this  relation.  But 
the  internal  parts  of  the  earth  and  planets  are 
compofed  of  a more  uniform  matter,  whofe 
vol.  1.  M comparative 
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comparative  denfity  varies  much  lefs  ; and  the 
conformity  in  the  denfity  of  the  planets  and 
that  of  the  fun  is  fuch,  that  of  650  parts 
which  compofe  the  whole  of  the  matter  of  the 
planets,  there  are  more  than  640  of  the  fame 
denfity  as  the  matter  of  the  fun,  and  only  ten 
parts  out  of  thefe  650  which  are  of  a greater 
denfity,  for  Saturn  and  Jupiter  are  nearly  of 
the  fame  denfity  as  the  fun,  and  the  quantity  of 
matter  which  thefe  planets  contain,  is  at  lead 
64  times  greater  than  that  of  the  four  inferior 
planets,  Mars,  the  Earth,  Venus  and  Mercury. 
We  muft  therefore  admit  that  the  matter  of 
which  the  planets  are  generally  compofed  is 
nearly  the  fame  as  that  of  the  fun,  and  that 
* consequently  the  one  may  have  been  feparated 
from  the  other. 

But  it  may  be  faid,  if  the  comet,  by  falling 
obliquely  on  the  fun,  drove  off  the  matter  which 
compofe  the  planets,  they,  inftead  of  defcribing 
circles  of  which  the  fun  is  the  centre,  would, 
on  the  contrary,  at  each  revolution,  have  re- 
turned to  the  fame  point  from  whence  they  de- 
parted, as  every  proje&ile  would  which  might 
be  thrown  off  with  fufficient  force  from  the 
furface  of  the  earth,  to  oblige  it  to  turn  per- 
petually: for  it  is  eafy  to  demonftrate  that  fuch, 

in 
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in  that  inftance,  would  be  the  cafe,  and  there- 
fore that  the  projection  of  the  planets  from  the 
fun  cannot  be  attributed  to  the  impulfion  of  a 
comet. 

To  this  I reply,  that  the  matter  which  com- 
pofes  the  planets  did  not  come  from  the  fun,  in 
ready  formed  globes,  but  in  the  form  of  tor- 
rents, the  motion  of  the  anterior  parts  of 
which  were  accelerated  by  that  of  the  pofte- 
rior  ; and  that  the  attraction  of  the  anterior 
parts  alfo  accelerated  the  motion  of  the  pofte- 
rior,  and  that  this  acceleration  produced  by  one 
or  other  of  thefe  caufes,  or  perhaps  by  both, 
might  be  fo  great  as  to  change  the  original  di- 
rection of  the  motion  occafionedby  the  impulfe 
of  the  comet,  from  which  caufe  a motion  has 
refulted,  fuch  as  we  at  prefent  obferve  in  the 
planets  ; efpecially  when  it  is  confidered  the 
fun  is  difplaced  from  its  dation  by  the  fhock  of 
the  comet.  An  example  will  render  this  more 
reafonable  ; let  us  fuppofe,  that  from  the  top  of 
a mountain  a mulket  ball  is  difcharged,  and 
that,the  ftrength  of  the  powder  was  fufficient 
to  fend  it  beyond  the  femi-diameter  of  the 
earth,  it  is  certain  that  this  ball  would  pafs 
round  the  earth,  and  at  each  revolution  return 
to  the  fpot  from  whence  it  had  been  difcharged  : 
M 2 but. 
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but,  if  inftead  of  a mufket-ball,  we  fuppofe  a 
rocket  had  been  difcharged,  wherein  the  aétion 
of  the  fire  being  durable,  would  greatly  acce- 
lerate the  motion  of  impulfion  ; this  rocket,  or 
rather  the  cartouch  which  contained  it,  would 
not  return  to  the  fame  place  like  the  mufket- 
ball,  but  would  defcribe  an  orbit,  whofe  pe- 
rigee would  be  much  farther  diftant  from  the 
earth,  as  the  force  of  acceleration  would  be 
greater,  and  have  changed  the  firft  direétion. 

Thus,  provided  there  had  been  any  accele- 
ration in  the  motion  of  impulfion  communi- 
cated to  the  torrent  of  matter  by  the  fall  of 
the  comet,  it  is  probable  that  the  planets 
formed  in  this  torrent,  acquired  the  motion 
which  we  know  they  have  in  the  circles  and 
ellipfis  of  which  the  fun  is  the  center  and 
focus. 

The  manner  in  which  the  great  eruptions 
of  volcanos  are  made,  may  afford  us  an  idea 
of  this  acceleration  of  motion.  It  has  been 
remarked  that  when  Vefuvius  begins  to  roar 
and  ejeft  the  inflamed  matter  it  contains,  the 
firft  cloud  has  but  a fmall  degree  of  velocity, 
but  which  is  foon  accelerated  by  the  impulfe 
of  the  fécond  ; the  fécond  by  the  action  of  a 
third,  and  fo  on,  until  the  heavy  mafs  of  bitu- 
men, 
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men,  fulphur,  cinders,  melted  metal,  and  huge 
ftones,  appear  like  rnaffive  clouds,  and  although 
they  fucceed  each  other  nearly  in  the  fame  di- 
rections, yet  they  greatly  change  that  of  the 
firft,  and  drive  it  far  beyond  what  it  would 
have  reached  of  itfelf. 

In  anfwer  to  this  objection,  it  may  be  fur- 
ther obferved,  that  the  fun  having  been  (truck 
by  the  comet,  received  a degree  of  motion  by 
the  impulfe,  which  difplaced  it  from  its  former 
fituation  ; and  that  although  this  motion  of  the 
fun  is  at  prefent  too  little  fenfible  for  the  no- 
tice of  aftronomers,  neverthelefs  it  may  (till 
exift,  and  the  fun  deferibe  a curve  round  the 
centre  of  gravity  of  the  whole  fyftem  ; and  if 
this  is  fo,  as  I prefume  it  is,  we  fee  perfectly 
that  the  planets,  inftead  of  returning  near  the 
fun  at  each  revolution,  will,  on  the  contrary, 
have  deferibed  orbits,  the  points  of  the  peri- 
helion of  which  will  be  as  far  diftant  from  the 
fun,  as  it  is  itfelf  from  the  place  it  originally 
occupied. 

It  may  alfo  be  faid,  that  if  this  acceleration 
of  motion  is  made  in  the  fame  direction,  no 
change  in  the  perihelion  will  be  produced  : but 
can  it  be  thought  that  in  a torrent,  the  par- 
ticles of  which  fucceed  each  other,  there  has 
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been  no  change  of  dire£lion  ; it  is,  on  the 
contrary,  very  probable  that  a confiderable 
change  did  take  place,  fufficient  to  caufe  the 
planets  to  move  in  the  courfe  they  at  prefent 
occupy. 

It  may  be  further  urged,  that  if  the  fun  had 
been  difplaced  by  the  fhock  of  a comet,  ' it 
would  move  uniformly,  and  that  hence  this 
motion  being  common  to  the  whole  fyftem,  no 
alteration  was  neceffary  ; but  might  not  the 
fun  before  the  fhock  have  had  a motion  round 
the  centre  of  the  cometry  fyftem,  to  which 
primitive  motion  the  ftroke  of  the  comet  may 
have  added  or  diminifhed  ? and  would  not  that 
fully  account  for  the  adtual  motion  of  the 
planets  ? 

If  thefe  fuppofitions  are  not  admitted,  may 
it  not  be  prefumed,  that  in  the  ftroke  of  the 
comet  againft  the  fun,  there  was  an  elaftic 
force  which  raifed  the  torrent  above  the  fur- 
face  of  the  fun,  inftead  of  dire&ly  impelling 
it  ? which  alone  would  be  fufficient  to  remove 
the  perihelion,  and  give  the  planets  the  motion 
they  have  retained.  This  fuppofition  is  not 
without  probability,  for  the  matter  of  the  fiin 
may  poffibly  be  very  elaftic,  fince  light,  the 
©nly  part  of  it  we  are  acquainted  with,  feems. 
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by  its  effects,  to  be  perfectly  fo.  I own  that  I 
cannot  fay  whether  it  is  by  the  one  or  the  other 
of  thefe  reafons,  that  the  direction  of  the  firft 
motion  of  the  impulfe  of  the  planets  has  chang- 
ed, but  they  fuffice  to  fhew  that  fuch  an  alte- 
ration is  not  only  poffible  but  even  probable, 
and  that  is  fufficient  for  my  purpofe. 

But,  without  dwelling  any  longer  on  the 
objections  which  might  be  made,  I fhall  pur- 
fue  the  fubjeCt,  and  draw  the  fair  conclufions 
on  the  proofs  which  analogies  might  furnifh 
in  favour  of  my  hypothefis  : let  us,  therefore, 
firft  fee  what  might  happen  when  thefe  planets, 
and  particularly  the  earth,  received  their  impul- 
five  motion,  and  in  what  ftate  they  were  after 
having  been  feparated  from  the  fun.  The  co- 
met having,  by  a fingle  (troke,  communicated 
a projeCtile  motion  to  a quantity  of  matter 
equal  to  the  650th  part  of  the  fun’s  mafs,  the 
light  particles  would  of  courfe  feparate  from 
the  denfe,and  form,  by  their  mutual  attraction, 
globes  of  different  denfities  : Saturn  being 

compofed  of  the  mofl  grofs  and  light  parts 
would  be  the  mo  ft  remote  from  the  fun  : Ju- 
piter being  more  denfe  than  Saturn,  would  be 
lefs  diflant,  and  fo  op.  The  larger  and  leaft 
folid  planets  are  the  mofl  remote,  becaufe  they 
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received  an  impulfive  motion  ftronger  fha$ 
the  fmalleft  and  more  denfe  : for,  the  force  of 
impulfion  communicating  itfelf  according  to 
the  furface,  the  fame  ftroke  will  have  moved 
the  groffer  and  lighter  parts  of  the  matter  of 
the  fun  with  more  velocity  than  the  fmalleft 
and  more  weighty  ; a feparation  therefore  will 
be  made  of  the  denfe  parts  of  different  degrees, 
fo  that  the  denfity  of  the  fun  being  equal  to 
ioo,  that  of  Saturn  will  be  equal  to  67,  that 
of  Jupiter  to  94|,  that  of  Mars  to  200,  that 
of  the  Earth  to  400,  that  of  Venus  to  800,  and 
that  of  Mercury  to  2800.  But  the  force  of 
attra&ion  not  communicating  like  that  of  im- 
pulfion,  according  to  the  furface,  but  afting 
on  the  contrary  on  all  parts  of  the  mafs,  it  will 
have  checked  the  denfeft  portions  of  matter  ; 
and  it  is  for  this  reafon  that  the  denfeft  planets 
are  the  nigheft  the  fun,  and  turn  round  that 
planet  with  greater  rapidity  than  the  lefs  denfe 
planets,  which  are  alfo  the  moft  remote. 

Jupiter  and  Saturn,  which  are  the  largeft 
and  principal  planets  of  the  folar  fyftem,  have 
retained  the  relation  between  their  denfity  and 
impulfive  motions,  in  the  moft  exa£t  propor- 
tions ; the  denfity  of  Saturn  is  to  that  of  Ju- 
piter as  67  to  94|,  and  their  velocities  are 

nearly 
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nearly  as  88f  to  i20yV>  or  as  67  to  ; it 
is  feldom  that  pure  conjectures  can  draw  fuch 
exaCt  relations.  It  is  true,  that  by  following 
this  relation  between  the  velocity  and  denfity 
of  planets,  the  denfity  of  the  earth  ought  to  be 
only  as  2o617t>  and  not  400,  which  is  its  real 
denfity  ; from  hence  it  may  be  conceived,  that 
our  globe  was  formerly  lefs  denfe  than  it  is  at 
prefent.  With  refpeCt  to  the  other  planets, 
Mars,  Venus,  and  Mercury,  as  their  den- 
iîties  are  known  only  by  conjecture,  we  can- 
not be  certain  whether  this  circumftance  will 
deftroy  or  confirm  our  hypothefis.  The  opi- 
nion of  Newton  is,  that  denfity  is  fo  much 
the  greater,  as  the  heat  to  which  the  planet  is 
expofed  is  the  ftronger  ; and  it  is  on  this  idea 
that  we  have  juft  faid  that  Mars  is  one  time  lefs 
denfe  than  the  Earth,  Venus  one  time,  Mer- 
cury feven  times,  and  the  comet  in  1680, 
28,000  times  denfer  than  the  earth,:  but  this 
proportion  between  the  denfity  of  the  planets, 
and  the  heat  which  they  fuftain,  feems  not  welF 
founded,  when  we  conlider  Saturn  and  Ju- 
piter, which  are  the  principal  objeCts  ; for  ac- 
cording to  this  relation  between  the  denfity  and 
heat,  the  denfity  of  Saturn  would  be  about  4T7y 
and  that  of  Jupiter  as  14H,  inftead  of  67  and 
vol.  1.  N 94f 
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94|,  a difference  too  great  to  be  admitted,  and 
mull  deftroy  the  principles  upon  which  it  was 
founded.  Thus,  notwithftanding  the  confi- 
dence which  the  conjedlures  of  Newton  merit, 
I can  but  think  that  the  denfity  of  the  planets 
has  more  relation  with  their  velocity  than  with 
the  degree  of  heat  to  which  they  are  expofed. 
This  is. only  a final  caufe,  and  the  other  a phy- 
fical  relation,  the  precifenefs  of  which  is  re- 
markable in  Jupiter  and  Saturn:  it  is  neverthe- 
lefs  true,  that  the  denfity  of  the  earth,  inftéad 
pf  being  2o6-|,  is  found  to  be  400,  and  that 
confequently  the  terreftrial  globe  mull  be  con- 
denfed in  this  ratio  of  2o6|-  to  400. 

But  have  not  the  condenfations  of  the  pla- 
nets fome  relation  with  the  quantity  of  the  heat 
of  the  fun  which  they  fuftain  ? if  fo,  Saturn, 
which  is  the  molt  diftant  from  that  luminary, 
will  have  fuffered  little  or  no  condenfation  ; and 
Jupiter  will  be  condenfed  from  90;-^  to  94^. 
Now  the  heat  of  the  fun  in  Jupiter  being  to 
that  of  the  fun  upon  the  earth  as  1 4-5-2  are  to 
400,  the  condenfations  ought  to  be  in  the  fame 
proportion.  For  infiance,  if  Jupiter  be  con- 
denfed, as  90-fi  to  94y,  and  the  earth  had  been 
placed  in  his  orbit  ; it  would  have  been  con- 
denfed from  2o6|  to  2i5TQ4q5°r>  but  the  earth 
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being  nearer  the  fun,  and  receiving  a heat,  whofe4 
relation  to  that  which  Jupiter  receives  is  from 
400  to  14Ü,  the  quantity  of  condenfation  it 
would  have  experienced  in  the  orbit  of  Jupiter 
by  the  proportion  of  400  to  i4iîb  which  gives 
nearly  2344-  for  the  quantity  which  the  earth 
would  be  condenfed.  Its  denfity  was  2o6|-,  by 
adding  the  quantity  of  its  acquired  condenfa- 
tion, we  find  400-I  for  its  adtual  denfity,  which 
nearly  approaches  the  real  denfity  400,  deter- 
mined. to  be  fo  by  the  parallax  of  the  moon. 
As  to  other  planets,  I do  not  here  pretend  to 
give  exa£t  proportions,  but  only  approxima- 
tions, to  point  out  that  their  denfities  have  a 
llrong  relation  to  their  velocity  in  their  refpec- 
tive  orbits. 

The  comet,  therefore,  by  its  oblique  fall 
upon  the  furface  of  the  fun,  having  driven 
therefrom  a quantity  of  matter  equal  to  the 
650th  part  of  its  whole  mafs  ; this  matter, 
which  mud  be  confidered  in  a liquid  ftate,  will 
at  firft  have' formed  a torrent,  the  groffer  and 
lefs  denfe  parts  of  which  will  have  been  driven 
the  fartheft,  and  the  fmaller  and  more  denfe 
having  received  only  the  like  impulfion,  will 
rem'ain  neareft  its  fource  ; the  force  of  the  fun’s 
attraction  would  inevitably  a£t  upon  all  thç 
N 2 parts 
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parts  detached  from  him,  and  conftrain  them 
to  circulate  around  his  body,  and  at  the  fame 
time  the  mutual  attra&ion  of  the  particles  of 
matter  would  form  themfelves  into  globes  at 
different  diftances  from  the  fun,  the  neareft 
of  which  neceflarily  moving  with  greater 
rapidity  in  their  orbits  than  thofe  at  a dif- 
tance. 

But  another  objection  may  be  flarted,  and 
it  may  be  faid,  if  the  matter  which  compofes 
the  planets  had  been  feparated  from  the  fun, 
they,  like  him,  would  have  been  burning  and 
luminous  bodies,  not  cold  and  opaque,  for  no- 
thing refembles  a globe  of  fire  lefs  than  a globe 
of  earth  and  water  ; and  by  comparifon,  the 
matter  of  the  earth  and  planets  isperfedly  dif- 
ferent from  that  of  the  fun  ? 

To  this  it  may  be  anfwered,  that  in  the  re- 
paration the  matter  changed  its  form,  and  the 
light  or  fire  was  extinguifhed  by  the  ftroke 
which  caufed  this  motion  of  impulfion.  Be- 
fides,  may  it  not  be  fuppofed  that  if  the  fun, 
or  a burning  ftar  moved  with  fuch  velocity  as 
the  planet,  that  the  fire  would  foon  be  extin- 
guifhed ; and  that  is  the  reafon  why  all  lumi- 
nous flars  are  fixed,  and  that  thofe  ftars  which 
are  called  new,  and  which  have  probably 

changed 
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changed  places,  are  frequently  extinguifhed  and 
îoft  ? This  remark  is  fomewhat  confirmed  by 
what  has  been  obferved  on  comets,  they  muft 
burn  to  the  centre  when  they  pafs  to  their  pe- 
rihelium  : neverthelefs  they  do  not  become  lu- 
minous themfelves,  they  only  exhale  burning 
vapours,  of  which  they  leave  a confiderable 
part  behind  them  in  their  courfe. 

I own,  that  in  a medium  where  there  is  very 
little  or  no  refiftance,  fire  may  fubfift  and  fuf-  ' 
fer  a very  great  motion  without  being  extin- 
guiftied:  I alfo  own,  that  what  I have  juft  faid 
extends  only  to  the  ftars  which  totally  difap- 
pear,  and  not  to  thofe  which  have  periodical 
returns,  and  appear  and  difappear  alternately 
without  changing  place  in  the  heavens.  The 
phenomena  of  thefe  ftars  has  been  explained  in 
a very  fatisfaÆtory  manner  by  M.  de  Mauper- 
tuis,  in  his  difcourfe  on  the  figures  of  the  pla- 
nets. But  the  ftars  which  appear  and  after- 
wards difappear  entirely,  muft  certainly  have 
been  extinguiihed,  either  by  the  velocity  of 
their  motion,  or  fome  other  caufe.  We  have 
not  a fingle  example  of  one  luminous  ftar  re- 
volving round  another  ; and  among  the  num- 
ber of  planets  which  compofe  our  fyftem,  and 

which 
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which  move  round  the  fun  with  more  or  lefs 
rapidity,  there  is  not  one  luminous  of  itfelf. 

It  may  alfo  be  added,  that  fire  cannot  fubfift 
fo  long  in  the  fmall  as  in  large  mafies,  and  that 
the  planets  muft  have  burnt  for  fome  time  after 
they  were  feparated  from  the  fun,  but  were  at 
length  extinguifhed  for  want  of  combuftible 
matter,  as  probably  will  be  the  fun  itfelf,  and 
for  the  fame  reafon  ; but  in  a length  of  time  as 
far  beyond  that  which  extinguifhed  the  planets, 
as  it  exceeds  in  quantity  of  matter.  Be  this 
as  it  may,  the  matter  of  which  the  planets  are 
formed  being  feparated  from  the  fun,  by  the 
flroke  of  a comet,  that  appears  a fufficient  rea- 
fon for  the  extinction  of  their  fires. 

The  earth  and  planets  at  the  time  of  their 
quitting  the  fun,  were  in  a date  of  total  liquid 
fire  ; in  this  ftate  they  remained  only  as  long  as 
the  violence  of  the  heat  which  had  produced 
it  ; and  which  heat  neceffarily  underwent  a 
gradual  decay  : it  was  in  this  date  of  fluidity 
that  they  took  their  circular  forms,  and  that 
their  regular  motions  raifed  the  parts  of  their 
equators,  and  lowered  their  poles.  This  figure, 
which  agrees  fo  perfectly  with  the  laws  oi  hy- 
droftatics,  I am  of  opinion  with  Leibnitz,  ne- 

ceflarily 
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cefîarily  fuppofes  that  the  earth  and  planets 
have  been  in  a (late  of  fluidity,  caufed  by  fire, 
and  that  the  internal  part  of  the  earth  muft  be 
a vitrifiable  matter,  of  which  fand,  granite, See. 
are  the  fragments  and  fcoria. 

It  may,  therefore,  withfome  probability,  be 
thought  that  the  planets  appertained  to  the 
fun,  that  they  wTere  feparated  by  afingle  ftroke 
which  gave  to  them  a motion  of  impulfion,  and 
that  their  pofition  at  different  diftances  from 
the  fun  proceeds  only  from  their  different 
delifities.  It  now  only  remains,  to  complete 
this  theory,  to  explain  the  diurnal  motion  of 
the  planets,  and  the  formation  of  the  fatellites; 
but  this,  far  from  adding  difficulties  to,  my 
hypothefis,  feems,  on  the  contrary,  to  confirm 
it. 

For  the  diurnal  motion,  or  rotation,  depends 
folely  on  the  obliquity  of  the  ftroke,  an  oblique 
impulfe  therefore  on  the  furface  of  a body  will 
necelfarily  give  it  a rotative  motion  ; this  mo- 
tion will  be  equal  and  always  the  fame,  if  the 
body  which  receives  it  is  homogeneous,  and 
it  will  be  unequal  if  the  body  is  eompofed  of 
heterogeneous  parts,  or  of  different  denfiiies  ; 
hence  we  may  conclude  that  in  all  the  planets 
the  matter  is  homogeneous,  fince  their  diurnal 

motions 


g6  buffon’s 

motions  are  equal,  and  regularly  performed  in 
the  fame  period  of  time.  Another  proof  that 
the  feparation  of  the  denfe  and  lefs  denfe  parts 
were  originally  from  the  fun. 

But  the  obliquity  of  the  ftroke  might  be 
fiich,  as  to  feparate  from  the  body  of  the  prin- 
cipal planet  a fmall  part  of  matter,  which 
would  of  courfe  continue  to  move  in  the  fame 
direction  ; thefe  parts  would  be  united,  ac- 
cording to  their  denfities,  at  different  diftances 
from  the  planet,  by  the  force  of  their  mutual 
attraction,  and  at  the  fame  time  follow  its 
courfe  around  the  fun,  by  revolving  about  the 
body  of  the  planet,  nearly  in  the  plane  of  its 
orbit.  It  is  plain,  that  thofe  fmall  parts  fo 
feparated  are  the  fatellites:  thus  the  formation, 
pofition,  and  direction  of  the  motions  of  the 
fatellites  perfectly  agree  with  our  theory  ; for 
they  have  all  the  fame  motion  in  concentrical 
circles  round  their  principal  planet  ; their  mo- 
tion is  in  the  fame  direction,  and  that  nearly 
in  the  plane  of  their  orbits.  All  thefe  effeCts, 
which  are  common  to  them,  and  which  de- 
pend on  an  impulfive  force,  can  proceed  only 
from  one  common  caufe,  which  is,  impulfive 
motion,  communicated  to  them  by  one  and  the 
fame  oblique  ftroke. 
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What  we  have  juft  faid  on  the  caufe  of  the 
motion  and  formation  of  the  fatellites,  will 
acquire  more  probability,  if  we  confider  all  the 
circumftances  of  the  phenomena.  The  planets 
which  turn  the  fwifteft  on  their  axis,  are  thofe 
which  have  fatellites.  The  earth  turns  quicker 
than  Mars  in  the  relation  of  about  24  to  15  ; 
the  earth  has  a fatellite,  but  Mars  has  none. 
Jupiter,  whofe  rapidity  round  its  axis'is  five 
to  fix  hundred  times  greater  than  that  of 
the  earth,  has  four  fatellites,  and  there  is  a 
great  appearance  that  Saturn,  which  has  five, 
and  a ring,  turns  ftill  more  quickly  than  Ju- 
piter. 

It  may  even  be  conjeétured  with  fome  foun- 
dation, that  the  ring  of  Saturn  is  parallel  to  the 
equator  of  the  planet,  fo  that  the  plane  of  the 
equator  of  the  ring,  and  that  of  Saturn,  are 
nearly  the  fame  ; for  by  fuppofing,  according 
to  the  preceding  theory,  that  the  obliquity  of 
the  ftroke  by  which  Saturn  has  been  fet  in  mo- 
tion was  very  great,  the  velocity  around  the 
axis,  will,  at  firft,  have  been  in  proportion  as 
the  centrifugal  force  exceeds  that  of  gravity, 
and  there  will  be  detached  from  its  equator  and 
neighbouring  parts,  a confiderable  quantity  of 
vol.  1.  O matter. 
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matter,  which  will  neceffarily  hâve  taken  the 
figure  of  a ring,  whofe  plane  muft  be  nearly 
the  fame  as  that  of  the  equator  of  the  planet; 
and  this  quantity  of  matter  having  been  de- 
tached from  the  vicinity  of  the  equator  of 
Saturn,  muft  have  lowered  the  equator  of  that 
planet,  which  caufes  that,  notwithftanding  its 
rapidity,  the  diameters  of  Saturn  cannot  be  fo 
unequal  as  thofe  of  Jupiter,  which  differ  from 
each  other  more  than  an  eleventh  part. 

However  great  the  probability  of  what  I 
have  advanced  on  the  formation  of  the  planets 
and  their  fatellites  may  appear  to  me,  yet, 
every  man  has  his  particular  meafurement,  to 
eftimate  probabilities  of  this  nature,  and  as 
this  meafurement  depends  on  the  ftrength  of 
the  underftanding  to  combine  more  or  lefs 
diftant  relations,  I do  not  pretend  to  convince 
the  incredulous.  I have  not  only  thotight  it 
my  duty  to  offer  thefe  ideas,  becaufe  they  ap- 
pear to  me  reafonable,  and  calculated  to  clear 
up  a fubjefl:,  on  which,  however  important, 
nothing  has  hitherto  been  written,  but  becaufe 
the  impulfive  motion  of  the  planets  enters  at 
leaf!  as  one  half  in  the  compofition  of  the  uni- 
verfe,  which  gravity  alone  cannot  unfold.  I 

lhall 


NATURAL  HISTORY.  99 

{hall  only  add  the  following  queftions  to  thofe 
who  are  inclined  to  deny  the  poflibility  of  my 
fyflem. 

1.  Is  it  not  natural  to  imagine,  that  a body 
in  motion  has  received  that  motion  by  the 
ftroke  of  another  body  ? 

2.  Is  it  not  very  probable,  that  when  many 
bodies  move  in  the  fame  direction,  that  they 
have  received  this  direction  by  one  fingle 
ftroke,  or  by  many  ftrokes  diredfted  in  the  fame 
manner  ? 

3.  Is  it  not  more  probable,  that  when  many 
bodies  have  the  fame  direction  in  their  motion, 
and  are  placed  in  the  fame  plane,  that  they  re- 
ceived this  dire&ion  and  this  pofition  by  one 
and  the  fame  ftroke,  rather  than  by  a number? 

4.  At  the  time  a body  is  put  in  motion  by 
the  force  of  impulfion,  is  it  not  probable  that 
it  receives  it  obliquely,  and,  confequently,  is 
obliged  to  turn  on  its  axis  fo  much  the  quicker, 
as  the  obliquity  of  the  ftroke  will  have  been 
greater  ? If  thefe  queftions  fhould  not  appear 
unreafonable,  the  theory,  of  which  we  have 
prefented  the  outlines,  will  ceafe  to  appear  aa 
abfurdity. 

Let  us  now  pafs  on  to  fomething  which 
more  nearly  concerns  us,  and  examine  the 
O 2 figure 
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figure  of  the  earth,  on  which  fo  many  re- 
fearches  and  fuch  great  obfervations  have  been 
made.  The  earth  being,  as  it  appears  by  the 
equality  of  its  diurnal  motion  and  the  con- 
ftancy  of  the  inclination  of  its  axis,  compofed 
of  homogeneous  parts,  which  attract  each  other 
in  proportion  to  their  quantity  of  matter,  it 
would  neceflarily  have  taken  the  figure  of  a 
globe  perfectly  fpherical,  if  the  motion  of  im- 
pulfation  had  been  given  it  in  a perpendicular 
direction  to  the  furface  ; but  this  ftroke  having 
been  obliquely  given,  the  earth  turned  on  its 
axis  at  the  moment  it  took  its  form  ; and  from 
the  combination  of  this  impulfive  force,  the 
attraction  of  the  parts,  there  has  refill  ted  a 
fpheroid  figure,  more  elevated  under  the  great 
circle  of  rotation,  and  lower  at  the  two  ex- 
tremities of  the  axis,  and  this  becaufe  the 
action  of  the  centrifugal  force  proceeding 
from  the  diurnal  rotation  muff;  diminifh  the 
action  of  gravity.  Thus,  the  earth  being 
homogeneous,  and  having  received  a rotative 
motion,  neceffarily  took  a fpheroidical  figure, 
the  two  axes  of  which  differ  a 230th  part  from 
each  other.  This  may  be  clearly  demon- 
ftrated,  and  does  not  depend  on  any  hypothefis 
whatever.  The  laws  of  gravity  are  perfectly 
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known,  and  we  cannot  doubt  that  bodies  at- 
tract each  other  in  a direct  ratio  of  their 
mafles,  and  in  an  inverted  ratio,  at  the  fquares 
of  their  diftances  : fo  likewife  we  cannot 
doubt,  that  the  general  adlion  of  any  body  is 
not  compofed  of  all  the  particular  aétions  of 
its  parts.  Thus  each  part  of  matter  mutually 
attracts  in  a diredl  ratio  of  its  mafs  and  an  in- 
verted ratio  of  its  diftance,  and  from  all  thefe 
attractions  there  refults  a fphere  when  there  is 
no  rotatory  motion,  and  a fpheroid  when  there 
is  one.  This  fpheroid  is  longer  or  fhorter  at 
the  two  extremities  of  the  axis  of  rotation,  in 
proportion  to  the  velocity  of  its  diurnal  mo- 
tion, and  the  earth  has  then,  by  virtue  of  its 
rotative  velocity,  and  of  the  mutual  attraction 
of  all  its  parts,  the  figure  of  a fpheroid,  the 
two  axis  of  which  are  as  229  to  230  to  one 
another. 

Thus,  by  its  original  conftitution,  by  its  ho- 
mogeneoufnefs,  and  independent  of  every  hy- 
pothefis  from  the  direction  of  gravity,  the 
earth  has  taken  this  figure  of  a fpheroid  at  its 
formation,  and  agreeable  to  mechanical  laws  : 
its  equatorial  diameter  was  raifed  about 
leagues  higher  than  under  the  poles. 


I fhall 


102 


buffüw’s 


I fhall  dwell  on  this  article,  becaufe  there 
are  (till  geometricians  who  think  that  the 
figure  of  the  earth  depends  upon  theory,  and 
this  from  a fyftem  of  philofophy  they  have 
embraced,  and  from  a fuppofed  direâion  cf 
gravity.  The  firfb  thing  we  have  to  demon- 
ftrate  is,  the  mutual  attraction  of  every  part  of 
matter,  and  the  fécond  the  homogeneoufnefs  of 
the  terreftrial  globe  : if  we  clearly  prove,  that 
thefe  two  circumftances  are  really  fo,  there 
will  no  longer  be  any  hypothefis  to  be  made 
on  the  direction  of  gravity  : the  earth  will  ne- 
ceflarily  have  the  figure  Newton  decided  in  fa- 
vour of,  and  every  other  figure  given  to  it  by 
virtue  of  vortexes  or  other  hypothefes,  will  not 
be  able  to  fubfift. 

It  cannot  be  doubted,  that  it  is  the  force  of 
gravity  which  retains  the  planets  in  their  or- 
bits ; the  fatellites  of  Saturn  gravitate  towards 
Saturn,  thofe  of  Jupiter  towards  Jupiter,  the 
Moon  gravitates  towards  the  Earth  : and 
Saturn,  Jupiter,  Mars,  the  Earth,  Venus  and 
Mercury,  gravitate  towards  the  fun  : fo  like- 
wife  Saturn  and  Jupiter  gravitate  towards 
their  fatellites,  the  earth  gravitates  towards  the 
moon,  and  the  fun  towards  the  whole  of  the 
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planets.  Gravitation  is  therefore  general  and 
mutual  in  all  the  planetary  fyftem,  for  adion 
cannot  be  exercifed  without  a re-adion  ; all  the 
planets,  therefore,  ad  mutually  one  on  the  other. 
This  mutual  attradion  ferves  as  a founda- 
tion to  the  laws  of  their  motion,  and  is  de- 
monflrated  to  exift  by  its  effeds.  When  Sa- 
turn and  Jupiter  are  in  conjundion,  they  ad 
one  on  the  other,  and  this  attradion  produces 
an  irregularity  in  their  motion  round  the  fun. 
It  is  the  fame  with  the  Earth  and  the  Moon, 
they  alfo  mutually  attrad  each  other;  but  the 
irregularities  of  the  motion  of  the  Moon,  pro- 
ceeds from  the  attradion  of  the  Sun,  fo  that 
the  Earth,  the  Sun,  and  the  Moon,  mutually 
ad  one  on  the  other.  Now  this  mutual  at- 
tradion of  the  planets,  when  the  diftances  are 
equal,  is  proportional  to  their  quantity  of  mat- 
ter, and  the  fame  force  of  gravity  which  caufes 
heavy  matter  to  fall  on  the  furface  of  the  Earth, 
and  which  extends  to  the  Moon,  is  alfo  pro- 
portional to  the  quantity  of  matter  ; therefore 
the  total  gravity  of  a planet  is  compofed  of 
the  gravity  of  each  of  its  parts  ; from  whence 
all  the  parts  of  matter,  either  in  the  Earth  or 
in  the  planets,  mutually  attrad  each  other; 
and  the  Earth,  by  its  rotation  round  its  own 
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axis,  has  necefTarily  taken  the  figure  of  a fphe- 
roid,  the  axes  of  which  are  as  229  to  230. 
The  direction  of  the  weight  muft  be  perpendi- 
cular to  the  Earth’s  furface  ; confequently  no 
hvpothefis,  drawn  from  the  direction  of  gravity, 
can  be  fuftained,  unlefs  the  general  attraction 
of  the  parts  of  matter  be  denied  ; but  the  exift- 
ence  of  this  mutual  attraction  is  demonftrated 
by  obfervations,  and  the  experiment  of  pendu- 
lums prove,  that  its  extenfion  is  general  ; there- 
fore we  cannot  fupport  an  hypothefis  on  the 
direction  of  gravity  without  going  againft  ex- 
perience and  reafon. 

Let  us  now  proceed  to  examine  whether  the 
matter  of  which  the  terreftrial  globe  is  com- 
pofed  be  homogeneous.  I admit,  that  if  it  is 
fuppofed  the  globe  is  more  denfe  in  fome  parts 
than  in  others,  the  direction  of  gravity  muft 
be  different  from  what  we  have  j uft  afligned, 
and  that  the  figure  of  the  Earth  would  alfo 
differ  agreeable  to  thofe  fuppofitions.  But 
what  reafon  have  we  to  make  thefe  fuppo- 
fiticns  ? why,  for  example,  fhould  we  fuppofe 
that  the  parts  near  .the  centre  are  denfçr  than 
thofe  which  are  more  remote  ? Are  not  all 
the  particles  which  compofe  the  globe  col- 
lected together  by  their  mutual  attraction  ? 

hence 
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hence,  each  particle  is  a centre,  and  there  is 
no  reafon  to  believe,  that  the  parts  which  fur- 
round  the  centre,  are  denfer  than  thofe  which 
are  about  any  other  point.  Befides,  if  one 
confiderable  part  of  the  globe  was  denfer  than 
another,  the  axis  of  rotation  would  be  found 
near  the  denfe  parts,  and  an  inequality  would 
enfue  in  the  diurnal  revolution  ; wefhould  re- 
mark an  inequality  in  the  apparent  motion  of 
the  fixed  ftars  ; they  would  appear  to  move 
more  quick  or  flow  in  the  zenith,  or  horizon, 
according  as  we  fhould  be  placed  on  the  denfer 
or  lighter  parts  of  the  earth;  and  the  axis  of 
the  globe  no  longer  palling  through  the  centre 
of  gravity,  would  alfo  very  fenfibly  change  its 
pofition  : but  nothing  like  this  ever  happens  ; 
on  the  contrary,  the  diurnal  motion  of  the 
earth  is  equal  and  uniform.  At  all  parts  of 
the  Earth’s  furface,  the  flars  appear  to  move 
with  the  fame  velocity  at  all  heights,  and  if 
there  be  -any  rotation  in  its  axis,  it  is  fo  trifling 
as  to  have  efcaped  obfervation  : it  mud  there- 
fore be  concluded,  that  the  globe  is  homoge- 
neous, or  nearly  fo  in  all  its  parts. 

If  the  earth  was  a hollow  and  void  globe, 
and  the  cruft  of  which,  for  example,  not  more 
than  two  or  three  miles  thick  ; it  would  pro- 
VOL.  1.  P ducc 
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duce  thefe  effeCts.  i . The  mountains  would 
be  fuch  confiderable  parts  of  the  whole  thick- 
nefs  of  the  cruft,  that  great  irregularities 
in  the  motions  of  the  Earth  would  be  occa- 
fioned  by  the  attraction  of  the  Moon  and  Sun  : 
for  when  the  higheft  parts  of  the  globe,  as  the 
Cordeliers,  fhould  have  the  Moon  at  noon, 
the  attraction  would  be  much  ftronger  on  the 
whole  globe  than  when  fhe  was  in  the  meri- 
dian of  the  lowefl  parts.  2.  The  attraction 
of  mountains  would  be  much  more  confider- 
able than  it  is  in  comparifon  with  the  attrac- 
tion of  the  whole  globe,  and  experiments  made 
at  the  mountain  of  Chimboraco,  in  Peru,  would 
in  this  cafe  give  more  degrees  than  they  have 
given  féconds  for  the  deviation  of  the  plumb 
line.  3.  The  weight  of  bodies  would  be 
greater  on  the  tops  of  high  mountains,  than 
on  the  plains  ; fo  that  we  fhould  feel  our- 
felves  confiderably  heavier,  and  fhould  walk 
with  more  difficulty  in  high  than  in  low  places. 
Thefe  obfervations,  with  many  others  that 
might  be  added,  muff:  convince  us,  that  the  in- 
ner parts  of  the  globe  is  not  void,  but  filled 
With  a denfe  matter. 

On  the  other  hand,  if  below  the  depth  of 
two  or  three  miles,  the  earth  was  filled  with 
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a matter  much  more  denfe  than  any  known, 
it  would  neceffarily  occur,  that  every  time  we 
defcended  to  moderate  depths,  we  fhould  weigh 
much  more,  and  the  motion  of  pendulums 
would  be  more  accelerated  than  in  fa£t  thev  are 
when  carried  from  an  eminence  into  a plain  : 
thus,  we  may  prefume  that  the  internal  part  of 
the  Earth  is  filled  with  a matter  nearly  fimilar 
to  that  which  compofes  its  furface.  What 
may  complete  our  determination  in  favour  of 
this  opinion  is,  that  in  the  firft  formation  of 
the  globe,  when  it  took  its  prefent  fpheroidical 
figure,  the  matter  which  compofed  it  was  in 
fufion,  and,  confequently,  all  its  parts  were 
homogeneous  and  nearly  equally  denfe.  From 
that  time  the  matter  on  the  furface,  although 
originally  the  fame  with  the  interior,  has  un- 
dergone a variety  of  changes  by  external  caufes, 
which  has  produced  materials  of  fuch  different 
denfities  ; but  it  muff  be  remarked,  that  the 
denfeft  matters,  as  gold  and  metals,  are  alfo 
thofe  the  mod  feldom  to  be  met  with,  and  con- 
fequently the  greateft  part  of  the  matter  at  the 
furface  of  the  globe,  has  not  undergone  any  very 
great  changes  with  relation  to  its  denfity  ; the 
moft  common  materials,  as  fand  and  clay,  differ 
very  little,  infomuch,  that  we  may  conjecture, 
P 2 with 
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with  great  probability,  that  the  internal  part  of 
the  earth  is  compofed  of  a vitrified  matter,  the 
denfity  of  which  is  nearly  the  fame  as  that  of 
fand,  and  that  confequently  the  terrefirial  globe 
in  general  may  be  regarded  as  homogeneous. 

Notwithftanding  thk,  it  may  be  urged,  that 
although  the  globe  was  compofed  of  concen- 
trical  ftrata  of  different  denfities,  the  diurnal 
.motion  might  be  equally  certain,  and  the  uni- 
form inclination  of  the  axis  as  confiant  and 
undifturbed  as  it  could  be,  on  the  fuppofition 
of  its  being  compofed  of  homogeneous  matter. 
I acknowledge  it,  but  I alk  at  the  fame  time, 
if  there  is  any  reafon  to  believe  that  ftrata 
of  different  denfities  do  exift  ? If  thefe  con- 
clurions be  not  rather  a defire  to  adjuft  the 
works  of  Nature  to  our  own  ideas  ? And 
whether  in  phyfics  we  ought  to  admit  fuppo- 
fitions  which  are  not  founded  on  obfervations 
or  analogy. 

It  appears,  therefore,  that  the  earth,  by  virtue 
of  the  mutual  attraftion  of  its  parts  and  its 
diurnal  motion  affirmed  the  figure  of  a fpheroid, 
that  it  neceffarily  took  that  form  from  being  in 
a ftate  of  fluidity,  that,  agreeable  to  the  laws 
of  gravity  and  of  a centrifugal  force,  it  could 
have  no  other  figure:  that  in  the  moment  of  its 
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formation  as' at  prefent,  there  was  a difference 
between  the  two  diameters  equal  to  a 230th 
part,  and  that,  consequently,  every  hypothefis 
in  which  we  find  greater  or  lefs  difference  are 
fidtions  which  merit  no  attention. 

But  it  may  be  faid,  if  this  theory  is  true, 
and  if  229  to  230  is  the  juft  relation  of  the 
axis,  why  did  the  mathematicians  Sent  to  Lap- 
land  and  Peru,  agree  to  the  relation  of  174  to 
175?  From  whence  does  this  difference  arife 
between  theory  and  practice  ? And  is  it  not 
more  reafonable  to  give  the  preference  to  prac- 
tice and  meafures,  efpecially  when  they  have 
been  taken  by  the  moft  able  mathematicians  of 
Europe  #,  and  with  all  neceffary  apparatus  to 
eftablifh  the  refult. 

To  this  I anfwer,  that  I have  paid  attention 
to  the  observations  made  at  the  equator  and  near 
the  polar  circle  ; that  I have  no  doubt  of  their 
being  exadt,  and  that  the  earth  may  poftibly  be 
elevated  an  1 7 5th  part  more  at  the  equator  than 
at  the  poles.  But,  at  the  fame  time,  I maintain 
my  theory,  and  I fee  clearly  how  the  two  con- 
clusions may  be  reconciled.  This  difference  is 
about  four  leagues  in  the  two  axes,  fo  that  the 
parts  at  the  equator  are  raifed  two  leagues  more 

than 
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than  they  ought  to  be,  according  to  my  theory  ; 
this  height  anfwers  exaSly  to  the  greateft  ine- 
qualities on  the  furface  of  the  globe,  produced 
by  the  motion  of  the  fea,  and  the  aSion  of  the 
fluids.  I will  explain  ; it  appears  that  when  the 
earth  was  formed,  it  muft  neceffarily  have 
taken,  by  virtue  of  the  mutual  attraction  of  its 
parts,  and  the  a Sion  of  the  centrifugal  force, 
a fpheroidical  figure,  the  axes  of  which  differ 
a 230th  part:  the  original  earth  mu  ft  have  had 
this  figure,  which  it  took  when  it  was  fluid,  or 
rather  liquified  by  the  fire  ; but  after  its  for- 
mation, the  vapours  which  were  extended  and 
rarefied,  as  in  the  atmofphere  and  tail  of  a 
comet,  became  condenfed,  and  fell  on  the  fur- 
face  in  form  of  air  and  water:  and  when  thefe 
waters  became  agitated  by  the  flux  and  reflux, 
the  matters  were,  by  degrees,  carried  from  the 
poles  towards  the  equatorial  parts  ; fo  that  the 
poles  were  lowered  about  a league,  and  thofe 
of  the  equator  raifed  in  the  fame  proportion  ; 
this  was  not  fuddenly  done,  but  by  degrees  in 
fuccefiion  of  time  ; the  earth  being  alfo  expofed 
to  the  aSion  of  the  winds,  air,  and  fun  ; all 
thefe  irregular  caufes  concurred  with  the  flux 
and  reflux  to  furrow  its  furface,  hollow  it  into 
valleys,  and  raife  it  into  mountains  ; and  pro- 
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ducing  other  inequalities  and  irregularities,  of 
which,  neverthelefs,  the  greateft  thicknefs  does 
not  exceed  one  league  at  the  equator  ; this  in- 
equality of  two  leagues,  is,  perhaps,  the  greateft 
which  can  be  on  the  furface  of  the  earth,  for 
the  higheft  mountains  are  fcarce  above  one 
league  in  height,  and  there  is  much  probability 
of  the  fea’s  not  being  more  at  its  greateft  depth. 
THe  theory  is  therefore  true,  and  practice  may 
be  fo  likewife  ; the  earth  at  firft  could  not  be 
raifed  above  6\  leagues  more  at  the  equator 
than  the  poles,  but  the  changes  which  have 
happened  to  its  furface,  might  afterwards 
raife  it  ftill  more.  Natural  Hiftory  won- 
derfully confirms  this  opinion,  for  we  have 
proved  in  the  preceding  difcourfe  that  the  flux 
and  reflux,  and  other  motions  of  the  water, 
have  produced  mountains  and  all  the  inequali- 
ties on  the  furface  of  the  globe,  that  this  fur- 
face has  undergone  confiderable  changes,  and 
that  at  the  greateft  depths,  as  well  as  on  the 
greateft  heights,  bones,  (hells,  and  other  wrecks 
of  animals,  which  inhabit  the  fea  and  earth, 
are  met  with. 

It  may  be  conjectured,  from  what  has  been 
faid,  that  to  find  ancient  earth,  and  matters 
which  have  never  been  removed  from  the  fpot 
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in  which  they  were  fir  ft  placed,  we  muft  dig 
near  the  poles,  where  the  bed  of  the  earth  muft 
be  thinner  than  in  the  Southern  climates. 

On  the  whole,  if  we  ftrifldy  examine  the 
meafures  by  which  the  figure  of  the  earth  is 
determined,  we  (hall  perceive  this  hypothefis 
enters  into  fuch  determination;  for  it  fuppofes 
the  earth  to  have  the  figure  of  a regular  curve, 
whereas  from  the  confiant  changes  the  earth 
is  continually  undergoing,  from  a variety  and 
combination  of  caufes,  it  is  almoft  impoffible 
that  it  fhould  have  retained  any  regular  figure, 
and  hence  the  poles  might,  originally,  only 
be  flattened  a 230th  part,  as  Newton  fays, 
and  as  my  theory  requires.  Befides,  although 
we  had  exaétly  the  length  of  the  degree 
at  the  polar  circle  and  equator,  have  we 
not  alfo  the  length  of  the  degree  as  ex- 
actly in  France?  And  the  meafure  of  M. 
Picard,  has  it  not  been  verified  ? Add  to  this, 
that  the  augmentation  and  diminution  in  the 
motion  of  the  pendulum,  do  not  agree  with  the 
refult  drawn  from  meafurement,  and  that,  on 
the  contrary,  they  differ  very  little  from  the 
theory  of  Newton.  This  is  furely  more  than 
is  requifite  to  convince  us  that  the  poles  are  not 
flattened  more  than  a 230th  part,  and  that  if 

there 
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there  is  any  difference,  it  can  proceed  only  from 
the  inequalities  which  the  water  and  other  ex- 
ternal caufes  have  produced  on  its  furface  ; 
but  thefe  inequalities  being  more  irregular  than 
regular,  we  mu  ft  not  form  any  hypothefis 
thereon,  nor  fuppofe,  that  the  meridians  are 
ellipfifes,  or  any  other  regular  curves.  From 
whence  we  perceive,  that  if  we  fhould  fuc- 
ceflively  meafure  many  degrees  of  the  earth  in 
all  directions,  we  ftill  fhould  not  be  certain  by 
that  alone,  of  the  exact  fituation  of  the  poles, 
nor  whether  they  were  depreffed  more  or  lefs 
than  the  230th  part* 

May  it  not  alfo  be  Conjectured,  that  if  the 
inclination  of  the  axis  of  the  earth  has  changed* 
it  can  only  be  produced  by  the  changes  which 
have  happened  to  the  furface,  fince  all  the  reft 
of  the  globe  is  homogeneous  ; that  confequently 
this  variation  is  too  little  fenfible  to  be  per- 
ceived by  aftronomers,  and  that  if  the  earth  is 
not  encountered  with  a comet*  or  deranged 
by  any  other  external  caufe,  its  axis  will  remain 
perpetually  inclined  as  it  is  at  prefent,  and  as 
it  has  always  been. 

In  order  not  to  omit  any  conjecture  which 
appears  reafonable,  may  it  not  be  faid,  that  as 
the  mountains  and  inequalities  which  are  on  the 
you  1.  furface 
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furface  of  the  earth  have  been  formed  by  the 
, flux  and  reflux  of  the  fea,  the  mountains  and 
inequalities  which  we  remark  on  the  furface 
of  the  moon,  have  been  produced  by  a fimilar 
catife  ; they  certainly  are  much  higher  than 
thofe  of  the  earth,  but  then  her  tides  are  alfo 
much  ftronger,  occafioned  by  the  earth’s  being 
. confiderably  larger  than  the  moon,  and  con- 
sequently producing  her  tides  with  a fuperior 
- force  ; and  this  effe£t  would  be  much  greater 
if  the  moon  had,  like  the  earth,  a rapid  rota- 
tion ; but  as  the  moon  prefents  always  the  fame 
furface  to  the  earth,  the  tides  cannot  operate 
but  in  proportion  to  the  motion  arifing  from 
sher  libration,  by  which  it  alternatively  difcovers 
to  us  a fegment  of  its  other  hemifphere;  thjs, 
however,  muft  produce  a kind  of  flux  and  re- 
flux, ■ quite  different  from  that  of  our  fea,  and 
the  effects  of  which  will  be  much  lefs  con- 
siderable than  if  the  moon  had  from  its  courfe 
a revolution  round  its  axis,  as  quick  as  the  ro- 
tation of  the  terreftrial  globe. 

I (hould  furniffi  a volume  as  large  as 
that  of  Burnet  or  Whifton’s,  if  I wrere 
to  enlarge  on  the  ideas  which  arife  in  fup- 
port  of  the  above  ; bv  giving  them  a geome- 
trical air  in  imitation  of  the  laft  author,  I 
v..  % might 
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might  add  confiderably  to  their  weight  ; but, 
in  my  opinion,  hypothefes,  however  probable, 
ought  not  to  be  treated  with  fuch  pompofity, 
it  being  a drefs  which  borders  fo  much  on 
quackery.  j 


FROM  THE  SYSTEM  OF  WHISTON 


Author  commences  his  treatife  by  a 


diiiertation  on  the  creation  of  the  world 
he  fays,  that  the  account  of  it  given  by  Mofes 
in  the,  text  of  Genefis  has  not  been  rightly  un- 
derftood  \ that  the  tranflators  have  confined 
themlelves  too  much  to  the  letter  and  fuper- 
ficial  views,  without  attending  to  nature,  rea- 
fon,  and  philofophy.  The  common  notion 
of  the  world  being  made  in  fix  days,  he  fays 
is  absolutely  falfe,  and  that  the  defcription 
given  by  Mofes,  is  not  an  exa6l  and  philofo- 
phical  narration  of  the  creation  and  origin  of 
the  univerfe,  but  only  an  hiftorical  reprefen- 


* A New  Theory  of  the  Earth  by  William  Whifton,  170S. 
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tation  of  the  terreftrial  globe.  The  Earth,  ac- 
cording to  him,  exifted  in  the  chaos;  and,  at 
the  time  mentioned  by  Mofes,  received  the 
form,  fituation,  and  confiftency  neceffary  to 
be  inhabited  by  the  human  race.  I fhall  not 
enter  into  a detail  of  his  proofs,  nor  undertake 
their  refutation.  The  expofition  we  have  juft 
made,  is  fufficient  to  demonftrate  the  difference 
of  his  opinion  with  public  faâs,  its  contrariety 
with  fcripture,  and  confequently  the  ineffici- 
ency of  his  proofs.  On  the  whole,  he  treats 
this  matter  as  a theological  controvertift,  ra- 
i ther  than  as  an  enlightened  philofopher. 

Leaving  thefe  erroneous  principles,  he  flies 
to  ingenious  fuppofitions,  and,  although  ex- 
traordinary, yet  have  a degree  of  probability  to 
thofe  who,  like  him,  incline  to  the  enthufiafin 
of  fyftem.  He  fays,  that  the  ancient  chaos, 
the  origin  of  our  Earth,  was  the  atmofphere 
of  a comet  : that  the  annual  motion  of  the 
Earth  began  at  the  time  it  took  its  new  form, 
but  that  its  diurnal  motion  began  only  when 
the  firft  man  fell.  That  the  eliptic  cut  the  tro- 
pic of  cancer,  oppofite  to  the  terreftrial  para- 
dife,  which  was  fituated  on  the  north-weft  fide 
of  the  frontiers  of  Affyria  : that  before  the  De- 
Juge,  the  year  began  at  the  autumnal  equinox  ; 

that 
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that  the  orbits  of  the  Planets,  and  the  Earth 
were  then  perfeft  circles.  That  the  Deluge 
began  the  1 8th  of  November,  2365,  of  the  Ju- 
lian period,  or  2349  years  before  Chrift.  That 
the  folar  and  lunar  year  were  then  the  fame, 
and  that  they  exadlly  contained  360  days.  That 
a comet  defcending  in  the  plane  of  the  eliptic 
towards  its  perihelion,  paffed  near  the  globe  of 
the  Earth  the  fame  day  as  the  Deluge  began  : 
that  there  is  a great  heat  in  the  internal  part  of 
the  terreftrial  globe,  which  conftantly  diffufes 
itfelf  from  the  centre  to  the  circumference  ; 
that  the  form  of  the  Earth  is  like  that  of  an 
egg,  the  ancient  emblem  of  the  globe  ; that 
mountains  are  the  lighted:  part  of  the  Earth, 
&c.  He  afterwards  attributes  all  the  altera- 
tions and  changes  which  have  happened  to  the 
Earth,  to  the  univerfal  Deluge  ; then  blindly 
adopts  the  theory  of  Woodward,  and  indifcri- 
minately  makes  ufe  of  all  the  obfervations  of 
that  author,  on  the  prefent  date  of  the  globe  ; 
but  affirmes  originality  when  he  fpeaks  of  its 
future  date  : according  to  him  it  will  be  con*» 
fumed  by  fire,  and  its  dedrudlion  will  be  pre- 
ceded by  terrible  earthquakes,  thunder,  and 
frightful  meteors;  the  fun  and  moon  will  have 
an  hideous  afpeft,  the  heavens  will  appear  to 
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fall,  and  the  flames  will  be  general  over  all  the 
Earth  : but  when  the  fire  fhall  have  devoured 
all  the  impurities  it  contains  ; when  it  fhall  be 
vitrified  and  rendered  tranfparent  as  cryflal, 
the  faints,  and  the  blefled  fpirits  will  return  and 
take  poffeflion  of  it,  and  there  remain  till  the 
day  of  judgment. 

Thefe  hypothefes,  at  the  firfl  glance  appear 
to  be  rafh,  and  extravagant  aflertions:  never- 
thelcfs  the  author  has  managed  them  with  fuch 
addrefs,  and  treated  them  with  fuch  flrength, 
that  they  ceafe  to  appear  absolutely  chimerical. 
He  fupports  his  fubjeéts  with  much  fcience, 
and  it  is  furprifing,  that  from  a mixture  of 
ideas  fo  very  abfurd,  a fyftem  could  be  formed 
with  an  air  of  probability.  It  has  not  affe£ted 
vulgar  minds  fo  much  as  it  has  dazzled  the 
eyes  of  the  learned,  becaufe  they  are  more 
eafily  deceived  by  the  glare  of  erudition,  and 
the  power  of  novel  idea.  Mr.  Whiflon  was 
a celebrated  aftronomer,  in  the  confiant  habit 
of  confidering  the  heavens,  obferving  the  flars, 
and  contemplating  the  wonderful  courfe  of  na- 
ture ; he  could  never  perfuade  himfelf  that  this 
Small  grain  of  fand,  this  Earth  which  we  in- 
habit, occupied  more  the  attention  of  the  Cre- 
ator than  the  univerfe,  the  vaft  extent  of  which; 
t ...  i contains 
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contains  millions  of  other  Suns  and  Earths. 
He  pretends,  that  Mofes  has  not  given  us  the 
hiftory  of  the  firft  creation  of  this  globe;  but 
only  a detail  of  the  new  form  that  it  took  when 
the  Almighty  turned  it  from  the  mafs  of  a co- 
met into  a planet,  and  formed  it  into  a proper 
habitation  for  men.  Comets  are,  in  fa£t,  fub- 
je&ed  to  terrible  viciffitudes  by  reafon  of  the 
eccentricity  of  their  orbits.  Sometimes,  like 
that  in  1680,  it  is  a thoufand  times  hotter  there 
than  red  hot  iron  ; and  fometimes  a thoufand 
times  colder  than  ice  ; if  they  are,  therefore, 
inhabited,  it  muft  be  by  ftrange  creatures,  of 
which  we  can  have  no  conception. 

The  planets,  on  the  contrary,  are  places  of 
reft  where  the  diftance  from  the  fun,  not  vary- 
ing much,  the  temperature  remains  nearly  the 
fame,  and  permits  different  kinds  of  plants  and 
animals  to  grow  and  multiply. 

In  the  beginning  God  created  the  world  ; 
-but,  obferves  our  author,  the  earth  was  then 
an  uninhabitable  comet,  fuffering  alternatively 
the  excefs  of  heat  and  cold,  its  liquifying,  and 
-freezing  by  turns,  formed  a chaos,  or  an  abyfs, 
furrounded  with  thick  darknefs  : “ And  dark- 
nefs  covered  the  face  of  the  deep  tenebra 
iront  fuperfaciem  abyjfi . This  chaos  was  the 
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atmofphere  of  the  cornet,  a body  compofed  of 
heterogeneous  matters,  the  centre  occupied  by 
fpherical,  folid,  and  hot  fubftances,  of  about  two 
thoufand  leagues  in  diameter,  round  which  a very 
great  furface  of  a thick  fluid  extended,  mixed 
with  an  unfhapen  and  confufed  matter,  like  the 
chaos  of  the  ancient  rudis  et  indigejlaque  moles . 

This  vaft  atmofphere  contained  but  very 
few  dry,  folid,  or  terreftrial  particles,  ftill  lefs 
aqueous  or  aerial,  but  a great  quantity  of  fluid* 
denfe  and  heavy  matters,  mixed,  agitated  and 
jumbled  together  in  the  greateft  diforder  and 
confufion.  Such  was  the  earth  before  the  fix 
days,  but  on  the  firft  day  of  the  creation,  when 
the  eccentrical  orbit  of  the  comet  had  been 
changed,  every  thing  took  its  place,  and  bo- 
dies arranged  themfelves  according  to  the  law* 
of  gravity,  the  heavy  fluid  defcended  to  the 
lowed  places,  and  left  the  upper  regions  to  the 
terreftrial,  aqueous  and  aerial  parts;  thofe  like- 
wife  defcended  according  to  their  order  of  gra- 
vity ; firft,  the  earth,  then  the  water,  and  laft 
of  all  the  air.  The  immenfe  volume  of  chaos 
was  thus  reduced  to  a globe  of  a moderate  fize, 
in  the  centre  of  which  is  the  folid  body,  that 
ftill  retains  the  heat  which  the  fun  formerly 
communicated  to  it,  when  it  belonged  to  a cor 
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met.  This  heat  may  poffibly  endure  fix  thou- 
fand  years,  fince  the  comet  of  1680  required 
fifty  thoufand  years  to  cool.  Around  this 
folid  and  burning  matter,  which  occupies  the 
centre  of  the  earth,  the  denfe  and  heavy  fluid 
which  defcended  the  firft  is  to  be  found,  and 
this  is  the  fluid  which  forms  the  great  abyfs  on 
which  the  earth  is  borne,  like  cork  on  quick- 
filver;  but  as  the  terreftrial  parts  were  ori- 
ginally mixed  with  a large  quantity  of  w’ater, 
in  defcending  they  have  dragged  with  them  a 
part  of  this  water,  which,  not  being  able  to  re- 
afcend  after  the  earth  was  confolidated,  formed 
a concentrical  bed  with  the  heavy  fluid  which 
Surrounds  this  hot  fubftance,  infomuch  that 
the  great  abyfs  is  compofed  of  two  concentri- 
cal orbs,  the  moft  internal  of  which  is  a heavy 
fluid,  and  the  other  water  ; the  laft  of  which 
ferves  for  a foundation  to  the  earth.  It  is  from 
this  admirable  arrangement,  produced  by  the 
atmofphere  of  a comet,  that  the  Theory  of  the 
Earth,  and  the  explanation  of  all  its  pheno- 
mena are  to  depend. 

When  the  atmofphere  of  the  comet  was 
once  difembarrafled  from  all  the  folid  and 
terreftrial  matters,  there  remained  only  the 
lighter  air,  through  which  the  rays  of  the 
VOL.  i.  R fun 
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fun  freely  palled  and  inftantly  produced  light  : 
“ Let  there  be  light,  and  there  was  light/’ 
The  columns  which  compofed  the  orb  of  the 
Earth  being  formed  with  fuch  great  precipita- 
tion is  the  can fe  of  their  different  denfities  ; 
confequently  the  heavieft  funk  deeper  into  this 
fubterraneous  fluid  than  the  lighted:  ; and  it  is 
this  which  has  produced  the  vallies  and  moun- 
tains on  the  furface  of  the  earth.  Thefe  in- 
equalities were,  before  the  deluge,  difperfed 
and  fituated  otherwife  than  they  are  at  prefent. 
Inftead  of  the  vaft  valley,  which  contains  the 
ocean,  there  were  many  fmall  divided  cavities 
on  the  furface  of  the  globe,  each  of  which  con- 
tained a part  of  this  water  : the  mountains 
were  alfo  more  divided,  and  did  not  form 
chains  as  at  prefent  : neverthelefs  the  earth 
contained  a thoufand  times  more  people,  and 
was  a thoufand  times  more  fertile  ; and  the 
life  of  man  and  other  animals  were  ten  times 
longer,  all  which  was  effected  by  the  in- 
ternal heat  of  the  earth  that  proceeded  from 
the  centre,  and  gave  birth  to  a great  number 
of  plants  and  animals,  bellowing  on  them  a 
degree  of  vigour  neceflary  for  them  to  fubfilba 
long  time,  and  multiply  in  great  abundance. 
But  this  heat,  by  increafing  the  ftrength  of 
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bodies,  unfortunately  extended  to  the  heads  of 
men  and  animals;  it  augmented  their paflions  ; 
it  deprived  man  of  his  innocence,  and  the  brute 
creation  of  part  of  their  intelligence;  all  crea- 
tures, excepting  fifin,  who  inhabited  a colder 
element,  felt  the  effects  of  this  heat,  became 
criminal  and  merited  death.  It  therefore  came, 
and  this  univerfal  death  happened  on  Wednefday 
the  28th  of  November,  by  a terrible  deluge  of 
forty  day  and  forty  nights,  and  was  caufed  by 
the  tail  of  another  comet  which  encountered 
the  earth  in  returning  from  its  perihelion. 

The  tail  of  a comet  is  the  lighted  part  of 
its  atmofphere  ; it  is  a tranfparent  mift,  a fubtile 
vapour,  which  the  heat  of  the  fun  exhales  from 
the  body  of  the  comet  : this  vapour  compofed 
of  extremely  rarefied  aqueous  and  aerial  par- 
ticles, follows  the  comet  when  it  defcends  to 
its  perihelion,  and  precedes  when  it  re-afcends, 
fo  that  it  is  always  fituate  oppofite  to  the  fun, 
as  if  it  fought  to  be  in  the  (hade,  and  avoid 
the  too  great  heat  of  that  luminary.  The  co- 
lumn which  this  vapour  forms  is  often  of  an 
immenfe  length,  and  the  more  a comet  ap- 
proaches the  fun,  the  longer  and  more  extended 
is  its  tail,  and  as  many  comets  defcend  below 
the  annual  orb  of  the  earth,  it  is  not  fur- 
R 2 prifing 
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prifing  that  the  earth  is  fometimes  found  fur- 
rounded  with  the  vapour  of  this  tail  ; this  is  pre- 
cifely  what  happened  at  the  time  of  the  deluge. 
In  two  hours  the  tail  of  a comet  will  evacuate 
a quantity  of  water  equal  to  what  is  contained 
in  the.  whole  ocean.  In  fhort,  this  tail  was 
>vhat  Mofes  calls  the  cataracts  of  Heaven, 
and  the  cataraCts  of  Heaven  were  opened.” 
The  terreftrial  globe  meeting  with  the  tail  of 
a comet,  mud,  in  going  its  courfe  through 
this  vapour,  appropriate  to  itfelf  a part  of  the 
matter  which  it  contains  ; all  which,  coming 
within  the  fphere  of  the  earth’s  attraction, 
mud  fall  on  it,  and  fall  in  the  form  of  rain, 
fince  this  tail  is  partly  compofed  of  aqueous 
vapours.  Thus  rain  may  come  down  in  fuch 
abundance  as  to  produce  an  univerfal  deluge, 
the  waters  of  which  might  eafily  furmount  the 
tops  of  the  higheft  mountains.  Neverthelefs, 
our  author,  cautious  of  not  going  direCtly 
againft  the  letter  of  holy  writ,  does  not  fay 
that  this  rain  was  the  foie  caufe  of  the  uni- 
verfal deluge,  but  takes  the  water  from  every 
place  he  can  find  it.  The  great  aby  fs  as  we  fee 
contains  a confiderable  quantity.  The  earth, 
at  the  approach  of  the  comet,  would  prove 
the  force  of  its  attraction  ; and  the  waters 
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contained  in  the  great  abyfs  would  be  agitated 
by  fo  violent  a kind  of  flux  and  reflux,  that  the 
fuperficial  cruft  would  not  refill,  but  fplit  in 
feveral  places  and  the  internal  waters  be  dif- 
perfed  over  the  furface,  “ And  the  fountains 
of  the  abyfs  were  opened.” 

But  what  became  of  thefe  waters,  which 
the  tail  of  the  comet  and  great  abyfs  fur- 
nifhed  fo  liberally  ? our  author  is  not  the  leaft 
embarraffed  thereon.  As  foon  as  the  earth, 
continuing  its  courfe,  removed  from  the  comet 
the  effects  of  its  attraction,  the  flux  and  reflux 
in  the  great  abyfs  ceafed  of  courfe,  and  imme- 
diately the  upper  waters  precipitated  back  with 
violence  by  the  fame  roads  as  they  had  been 
forced  upon  the  furface.  The  great  abyfs  ab- 
foi  bed  all  the  fuperfluous  waters,  and  was  of  a 
fufficient  capacity  not  only  to  receive  its  own 
waters,  but  alfo  all  thofe  which  the  tail  of  the 
comet  had  left,  becaufe  during  its  agitation, 
and  the  rupture  of  its  cruft,  it  had  enlarged 
the  fpace  by  driving  out  on  all  fides  the  earth 
that  furrounded  it.  It  was  at  this  time  alfo 
the  figure  of  the  earth,  which  till  then  was 
fpherical,  became  elliptic.  This  effect  was 
occafioned  by  the  centrifugal  force  caufed  by 
its  diurnal  motion,  and  by  the  attraction  of  the 
' comet. 
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comet,  for  the  earth,  in  pafiing  through  the 
tail  of  the  comet,  found  itfelf  fo  placed  that 
it  prefented  the  parts  of  the  equator  to  that 
planet  ; and  the  power  of  the  attraction  of  the 
comet,  concurring  with  the  centrifugal  force 
of  the  earth,  caufed  the  parts  of  the  equator  to 
be  elevated,  and  that  with  the  more  facility  as 
the  cruft  was  broken  and  divided  in  an  infinity 
of  places,  and  becaufe  the  flux  and  reflux  of  the 
abyfs  drove  againfl  the  equator  more  violently 
than  elfewhere. 

Here  then  is  Mr.  Whifton’s  hiftory  of  the 
creation  ; the  caufes  of  the  univerfal  deluge  ; 
the  length  of  the  life  of  the  firfl:  men  ; and  the 
figure  of  the  Earth  ; all  which  feem  to  have 
coil  our  author  little  or  no  labour;  but  Noah’s 
ark  appears  to  have  greatly  difquieted  him.  In 
the  midft  of  fo  terrible  a diforder,  occafioned 
by  the  conjunction  of  the  tail  of  a comet  with 
the  waters  of  the  great  abyfs,  in  the  terrible 
moments  wherein  not  only  the  elements  of  the 
earth  were  con fu fed,  but  when  new  elements 
ftill  concurred  to  augment  the  chaos,  how 
can  it  be  imagined  that  the  ark  floated  quietly 
with  its  numerous  cargo  on  the  top  of  the 
waves  ? Here  cur  auther  makes  great  efforts 
to  àrrive  at  and  give  a phyfical  reafon  for  the 
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prefervation  of  the  ark,  but  which  has  always 
appeared  to  me  infufficient,  poorly  imagined, 
and  but  little  orthodoxical  : I will  not  here  re- 
late it,  but  only  obferve,  how  hard  it  is  for  a 
man  who  has  explained  objefts  fo  great  and 
wonderful,  without  having  recourfe  to  a fuper- 
natural  power,  to  be  ftopt  by  one  particular 
circumftance  ; our  author,  however,  chofe  ra- 
ther to  rifle  drowning  with  the  ark,  than  to  at- 
tribute to  the  immediate  bounty  of  the  Almighty 
the  prefervation  of  this  precious  veflel. 

I fhall  only  make  one  remark  on  this 
fyftem,  of  which  I have  made  a faithful 
abridgement  ; which  is,  whenever  we  are 
rafh  enough  to  attempt  to  explain  theological 
truths  by  phylical  reafons,  or  interpret  purely 
by  human  views  the  divine  text  of  holy  writ, 
or  that  we  endeavour  to  reafon  on  the  will  of 
the  Moft  High,  and  on  the  execution  of  his 
degrees,  we  confequently  fhall  involve  ou r- 
felves  in  the  darknefs  and  chaos  of  obfeurity 
and  confufion,  like  the  author  of  this  fyftem, 
which,  in  defiance  of  its  abfurdities,  has  been 
received  with  great  applaufe.  He  neither 
doubts  the  truth  of  the  deluge,  nor  the  authen- 
ticity of  the  facred  writ  ; but  as  he  wra$  lefs 
employed  with  it  than  with  phyfic  and  aftro- 
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nomy,  he  has  taken  paflages  of  the  fcripture 
for  phyfical  fa£ts,  and  the  refultsof  aftronomi- 
cal  obfervations  ; and  has  fo  ftrangely  blended 
the  divine  knowledge  with  human  fcience,  as 
to  give  birth  to  the  moll  extraordinary  fyftem 
that  poffibly  ever  was  or  will  be  conceived. 


ARTICLE  III. 

FROM  THE  SYSTEM  OF  BURNET* *. 


IIS  author  is  the  firft  who  has  treated 


this  fubje£t  generally  and  in  a fyftema- 
tical  manner.  He  was  poflefled  of  much  un- 
derflanding,  and  was  a perfon  well  acquainted 
with  the  belles  lettres.  His  work  acquired  great 
reputation,  and  was  criticifed  by  many  of  the 


* Thomas  Burnet.  Tellurîs  theoria  (acra,  orbis  noftri  ori- 
ginem  & mutationes  generales,  quas  aut  jam  fubut,  aut  olim 
Subiturus  eft  comple&ens.  Londina,  1681. 
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learned,  among  the  reft  by  Mr.  Keil,  who  has 
geometrically  demonftrated  the  errors  of  Mr. 
Burnet,  in  a treatife  called  “ Examination  of 
the  Theory  of  the  Earth.”  Mr.  Keil  alfo  re- 
futed  Whifton’s  fyftem  ; but  he  treats  the  laft 
author  very  different  from  the  firft,  and  feemS 
even  to  be  of  his  opinion  in  feveral  cafes,  and 
looks  upon  the  tail  of  a comet  to  be  a very 
probable  caufe  for  the  deluge.  But,  to  return 
to  Burnet,  his  book  is  elegantly  written  ; he 
knew  how  to  paint  noble  images  and  magnifi- 
cent fcenes.  His  plan  is  great,  but  the  execu- 
tion is  deficient  for  want  of  proper  materials  : 
his  reafoning  is  good,  but  his  proofs  are  weak  ; 
yet  his  confidence  in  his  writings  is  fo  great, 
that  he  frequently  caufes  his  readers  to  pafs 
over  his  errors.  \ 

He  begins  by  telling  us,  that  before  the 
deluge  the  earth  had  a very  different  form  from 
that  which  it  has  at  prefent  ; it  was  at  firft, 
he  fays,  a fluid  tnafs,  compounded  of  matters 
of  all  kinds,  and  all  forts  of  figures,  the  heavieft 
defcended  towards  the  centre,  and  formed  a 
hard  and  folid  body  ; round  which  the  waters 
collected,  and  the  air,  and  all  the  liquors  lighter 
than  water,  furmounted  them.  Between  the 
orb  of  air  and  that  of  water,  was  an  orb  of 
vol.  1.  S oily 
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oily  matter,  but  as  the  air  was  ftill  very  im- 
pure, and  contained  a great  quantity  of  fmall 
particles  of  terreftrial  matter,  they  by  degrees 
defcended  on  the  coat  of  oil,  and  formed  a 
terreftrial  orb  blended  with  earth  and  oil  ; and 
this  was  the  firft  habitable  earth,  and  the  firft 
abode  of  man.  This  was  an  excellent  foil, 
light,  and  calculated  to  yield  to  the  tendernefs 
of  the  firft  germs.  The  furface  of  the  ter- 
reftrial globe  was  at  firft  equal,  uniform,  with- 
out mountains,  without  feas,  and  without  in- 
equalities ; but  it  remained  only  about  fixteen 
centuries  in  this  ftate,  for  the  heat  of  the  fun 
by  degrees  drying  the  cruft,  fplit  it  at  firft  on 
the  furface,  foon  after  thefe  cracks  penetrated 
farther  and  increafed  fo  confiderably  by  time* 
that  at  length  they  entirely  opened  the  cruft  * 
in  an  inftant  the  whole  earth  fell  into  pieces  in 
the  abyfs  of  water  it  furrounded  ; and  this  was 
the  caufe  of  the  deluge. 

But  all  thefe  malles  of  earth,  by  falling  into 
the  abyfs,  dragged  along  with  them  a great 
quantity  of  air;  thefe  ftruck  againft  each  other, 
divided,  and  accumulated  fo  irregularly,  that 
great  cavities  filled  with  air  were  left  between 
them.  The  waters  by  degrees  opened  thefe 
cavities,  and  in  proportion  as  they  filled  them, 

the 
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the  furface  of  the  earth  difcovered  itfélf  in  the 
higheft  parts  ; at  length  water  alone  remained 
in  the  loweft  parts  ; that  is  to  fay,  the  vaft  val- 
lies  which  contains  the  fea.  Thus  our  ocean 
is  a part  of  the  ancient  abyfs,  the  reft  is  entered 
into  the  internal  cavities  with  which  the  ocean 
communicates.  The  iflands  and  fea  rocks  are 
the  fmall  fragments,  and  continents  are  the 
great  mafles  of  the  old  cruft.  As  the  rupture 
and  the  fall  of  this  cruft  are  made  of  a fudden, 
and  with  confufion,  it  was  not  furprifing  to  find 
eminences,  depths,  plains,  and  inequalities  of 
all  kinds  on  the  furface  of  the  earth. 


article  iv. 

FROM  THE  SYSTEM  OF  WOODWARD. 


F may  be  faid  of  this  author,  that  he  at- 
tempted to  raife  an  immenfe  monument  on 
a lefs  folid  bafe  than  the  moving  fand,  and  to 
conftruâ:  a world  with  duft  ; for  he  pretends, 
that  at  the  time  of  the  deluge  a total  cfiilolu- 
tion  of  the  earth  was  made.  The  firft  idea 
S 2 which 
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which  prefents,  after  having  gone  through  his 
book  *,  is,  that  this  diffolution  was  made  by 
the  waters  of  the  great  abyfs.  He  aflerts, 
that  the  abyfs  where  the  water  was  included 
opened  all  at  once  at  the  command  of  God, 
and  difperfed  over  the  furface  an  enormous 
quantity  of  water  neceflary  to  cover  the  tops 
of  the  higheft  mountains,  and  that  God  fuf- 
pended  the  caufe  of  cohefion  which  reduced 
all  folid  bodies  into  duft,  &c.  He  did  not 
confider  that  by  thefe  fuppofitions  he  added 
other  miracles  to  that  of  the  univerfal  deluge, 
or  at  lead:  phyfical  impoffibilities,  which  agree 
neither  with  the  letter  of  the  holy  writ,  nor 
with  the  mathematical  principles  of  natural 
philofophy.  But  as  this  author  has  the  merit 
of  having  collected  many  important  obferva- 
tions,  and  as  he  was  better  acquainted  with  the 
materials  of  which  the  globe  is  compofed  than 
thofe  who  preceded  him,  his  fyftem,  although 
badly  conceived,  and  worfe  digefted,  has 
neverthelefs  dazzled  many  people,  who,  fe- 
duced  by  the  truth  of  fome  particular  circum- 
ftances,  put  confidence  in  his  general  conclu- 
fions  ; we  fhall,  therefore,  give  a fliort  view 

of 
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of  his  theory,  in  which,  by  doing  juftice  to  the 
author’s  merit,  and  the  exaânefs  of  his  ob- 
fervations,  we  fhall  put  the  reader  in  a ftate 
of  judging  of  the  infufficiency  of  his  fyftem, 
and  of  the  falfiiy  of  fome  of  his  remarks. 
Mr.  Woodward  fpeaks  of  having  difcoveredby 
his  fight,  that  all  matters  which  compofe  the 
Englifh  earth,  from  the  furface  to  the  deepeft 
places  which  had  been  dug  were  difpofed  by 
beds  of  ftrata,  and  that  in  a great  number  of 
thefe  there  were  fhells  and  other  marine  pro- 
ductions ; he  afterwards  adds,  that  by  his  cor- 
refpondents  and  friends  he  was  affured,  that 
in  other  countries  the  earth  is  compofed  of  the 
fame  materials,  and  that  fhells  are  found  there, 
not  only  in  the  plains  but  on  the  higheft  moun- 
tains, in  the  deepeft  quarries,  and  in  an  in- 
finity of  different  places.  He  perceived  their 
ftrata  to  be  horizontal  and  difpofed  one  over 
the  other  as  matters  are  which  are  tranfported 
by  the  waters,  and  depofited  in  form  of  fedi- 
ment.  Thefe  general  remarks,  which  are 
true,  are  followed  by  particular  obfervations, 
by  which  he  evidently  fhews,  that  foflils  found 
incorporated  in  the  ftrata  are  real  fhells  and 
marine  productions,  not  minerals  and  fingular 
bodies,  the  fport  of  nature,  &c. 
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To  thefe  obfervations,  though  partly  made 
before  him,  which  he  has  colle&ed  and  proved, 
he  adds  others  lefs  exa£t.  He  afferts,  that  all 
matters  of  different  ftrata  are  placed  one 
on  the  other  in  the  order  of  their  fpecific 
gravity. 

This  general  aflertion  is  not  true,  for  we 
daily  fee  rocks  placed  above  clay,  fand,  coal, 
and  bitumen,  and  which  certainly  are  fpecifi- 
cally  heavier  than  either  of  thefe  latter  mate- 
rials. If,  in  fa <ft,  we  found  throughout  the 
earth  that  the  firft  ftrata  was  bitumen,  then 
chalk,  then  marl,  clay,  fand,  ftone,  marble,  and 
at  laft  metals,  fo  that  the  compofition  of  the 
earth  exa&ly  followed  the  law  of  gravity,  there 
would  be  an  appearance  that  they  might  have 
been  precipitated  at  the  fame  time,  which  our 
author  afferts  with  confidence,  in  fpite  of  the 
evidence  to  the  contrary  ; for,  without  being  a 
naturalift,  we  need  only  have  our  eye-fight  to 
be  convinced  that  heavy  ftrata  are  often  found 
above  lighter,  and  that  confequently  thefe  fedi- 
ments  were  not  precipitated  all  at  one  time,  but 
have  been  brought  and  depofited  fucceflively 
by  the  water.  As  this  is  the  foundation  of  his 
fyftem,  and  is  manifeftly  falfe,  we  fhall  follow 
it  no  farther  than  to  {hew  how  far  an  erroneous 

principle 
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principle  may  produce  falfe  combinations  and 
erroneous  conduirions. 

All  the  matters,  fays  our  author,  which 
compofe  the  earth,  from  the  fummits  of  the 
higheft  mountains,  to  the  greateft  depths  of 
mines*  are  difpofed  by  ftrata,  according  to  their 
fpecific  weights  ; therefore  he  concludes  the 
whole  has  been  diffolved  and  precipitated  at  one 
time.  But  in  what  manner,  and  at  what  time 
was  it  diffolved?  In  water,  replies  he,  and 
at  the  time  of  the  deluge.  But  there  is  not  a 
fufficient  quantity  of  water  on  the  globe  for 
this  to  be  effected*  fince  there  is  more  land 
than  water,  and  the  bottom  of  the  fea  itfelf 
is  earth.  This  he  admits,  but  fays,  there  is 
more  water  than  is  requifite  at  the  centre  of 
the  earth,  that  it  was  only  neceffary  for  it  to 
afcend,  and  poffefs  a power  of  diffolving  every 
fubftance  but  fhells,  afterwards  to  find  the 
means  for  this  water  to  re-enter  the  abyfs,  and 
to  make  all  this  agree  with  the  hiftory  of  the 
deluge.  This  then  is  the  fyftem,  of  which 
the  author  does  not  entertain  the  lead  doubt  ; 
for  when  it  is  oppofed  to  him  that  water  cannot 
diffolve  marble,  Hone,  and  metals,  efpecially  in 
forty  days,  the  duration  of  the  deluge,  he 
anfwers  fimply,that  neverthelefs  it  did  happen 

fo. 
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fo.  When  he  is  afked,  what  the  virtue  of  this 
water  of  the  abyfs  was,  to  diffolve  all  the  earth, 
and  at  the  fame  time  preferve  the  fhells  ? he 
fays,  that  he  never  pretended  that  this  water 
was  a diffolvent  ; but  that  it  is  clear,  by  fa&s, 
that  the  earth  has  been  diffolved  and  the  fhells 
preferved.  When  he  was  evidently  fhewn 
that  if  he  had  no  reafon  to  give,  or  fa£ts  to 
fupport,  for  thefe  phenomenas,  his  fyftem  was 
ufelefs,  he  faid,  we  have  only  to  imagine  that, 
during  the  deluge,  the  force  of  gravity  and  the 
coherency  of  matter  ceafed  on  a fudden,  and 
by  this  fuppofition  the  diffolution  of  the  old 
world  would  be  explained  in  a very  eafy  and 
fatisfa&ory  manner.  But,  it  was  faid  to  him, 
if  the  power  which  holds  the  parts  of  matter 
united  was  fufpended,  why  were  not  the  fhells 
diffolved  as  well  as  all  the  reft  ? Here  he  makes 
a difcourfe  on  the  organization  of  fhells  and 
bones  of  animals,  by  which  he  pretends  to 
prove  that  their  texture  being  fibrous,  and  dif- 
ferent from  that  of  minerals,  their  power  of 
cohefion  was  different  alfo  ; after  all,  we  have, 
fays  he,  only  to  fuppofe  that  the  power  of  gra- 
vity and  cohefion  did  not  entirely  ceafe,  but 
that  it  was  only  diminifhed  fufficient  to  difunite 
all  the  parts  of  minerals,  and  not  thofe  of 

animals. 
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animals.  To  all  this  we  cannot  be  prevented 
from  difcovering,  that  our  author’s  philofophy 
was  not  equal  to  his  talents  for  obfervation  ; 
and  I do  not  think  it  neceflary  ferioufly  to  re- 
fute opinions  which  have  no  foundation,  efpe- 
cially  when  they  have  been  imagined  againft 
the  rules  of  probability,  and  drawn  from  con- 
sequences contrary  to  mechanical  laws. 


ARTICLE  V. 
EXPOSITION  OF  SOME  OTHER  SYSTEMS. 


JT  is  plain  that  the  three  forementioned  hy^- 
pothefes  have  much  in  common  with  each 
other.  They  all  agree  in  this  point,  that  dur- 
ing the  deluge  the  earth  changed  its  form,  as 
well  externally  as  internally  ; but  thefe  Specu- 
lators have  not  confidered  that  the  earth  before 
T the 
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the  deluge  was  inhabited  by  the  fame  fpecies 
of  men  and  animals,  and  muft  neceffarily  have 
been  nearly  fuch  as  it  is  at  prefent.  The  fa- 
cred  writings  teach  us;  that  before  the  deluge 
there  were  rivers,  feas,  mountains,  and  forefts. 
That  thefe  rivers  and  mountains  were,  for  the 
mod  part,  retained  in  the  fame  fituations  ; the 
Tigris  and  Euphrates  were  the  rivers  of  the 
ancient  paradife  ; that  the  mountain  of  Arme- 
nia, on  which  the  ark  refled,  was  one  of  the 
higheft  mountains  in  the  world  at  the  deluge, , 
as  it  is  at  prefent  : that  the  fame  plants  and 
animals  which  exifl  now,  exifled  then;  for  we 
read  of  the  ferpent,  of  the  raven,  of  the  crow, 
and  of  the  dove,  which  brought  the  olive 
branch  into  the  ark.  Although  Tournefort  af- 
ferts  there  are  no  olive  trees  for  more  than  40a 
miles  from  Mount  Ararat,  and  paffes  fome  ab- 
furd  jokes  thereon*,  it  is  neverthelefs  certain 
there  were  olives  in  this  neighbourhood  at  the 
time  of  the  deluge,  fince  holy  writ  aflures  us 
of  it  in  the  mod  exprefs  terms  ; but  it  is  by 
no  means  aflonifhing  that  in  the  fpace  of  4000 
years  the  olive  trees  fhould  have  been  deflroyed 
in  thofe  quarters,  and  multiplied  in  others  ; 

' it 
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it  is  therefore  contrary  to  fcripture  and  reafon, 
that  thofe  authors  have  fuppofed  the  earth  was 
-quite  different  from  its  prefent  hate  before  the 
deluge  ; and  this  contradiction  between  their 
hypothefes  and  the  facred  text,  as  well  as  phy- 
fical  truths,  mu  ft  caufe  their  fyftem  to  be  re- 
jected, if  even  they  fhould  agree  with  fome 
phenomena.  Burnet  gives  neither  obfer- 
vations,  nor  any  real  faCts,  for  the  fu pport 
of  his  fyftem.  Woodward  has  only  given 
us  an  eflay,  in  which  he  promifed  much  more 
than  he  could  perform  : his  book  is  a projeCt, 
the  execution  of  which  has  not  been  feen.  He 
has  made  ufe  of  two  general  obfervations  ; 
the  firft,  that  the  earth  is  every  where  com- 
pofed  of  matters  which  formerly  were  in  a ftate 
of  fluidity,  tranfported  by  the  waters,  and 
depofited  in  horizontal  ftrata.  The  fécond, 
that  there  are  abundance  of  marine  produc- 
tions in  moft  parts  of  the  bowels  of  the  earth. 
To  give  a reafon  for  thefe  faCts,  he  has  re- 
courfe  to  the  univerfal  deluge,  or  rather  it  ap- 
pears that  he  gives  them  as  proofs  of  the 
deluge  ; but,  like  Burnet,  he  falls  into 
evident  contradictions,  for  it  is  not  to  be 
fuppofed  with  them  that  there  were  no  moun- 
tains prior  to  the  deluge,  flnce  it  is  exprefsly 
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Hated,  that  the  waters  rofe  fifteen  cubits  above 
the  tops  of  the  higheft  mountains.  On  the 
other  hand,  it  is  not  faid  that  thefe  waters 
deftroyed  or  diffolved  thefe  mountains  ; but, 
on  the  contrary,  thefe  mountains  remained  in 
their  places,  and  the  ark  i*efled  on  that  which 
the  water  firft  deferted.  Befides  how  can  it 
be  imagined  that,  during  the  fhort  duration  of 
the  deluge,  the  waters  were  able  to  diffolve  the 
mountains  and  the  whole  body  of  the  earth  ? 
Is  it  not  an  abfurdity  to  fuppofe  that  in  forty 
days  all  marble,  rocks,  (tones,  and  minerals, 
were  diffolved  by  water  ? Is  it  not  a manifeft 
contradiction  to  admit  this  total  diffolution,  and 
at  the  fame  time  maintain  that  (hells,  bones, 
and  marine  productions  were  preferved  entire, 
and  refilled  that  which  had  diffolved  the  mod 
folid  fubftances  ? I (hall  not  therefore  hefitate 
to  fay,  that  Woodward,  with  excellent  faCts 
and  obfervations,  has  formed  but  a poor  and 
inconfiftent  fyftem. 

Whifton,  who  came  lafl,  greatly  enriched 
the  other  two,  and  notwithflanding  he  gave  a 
vaft  fcope  to  his  imagination  has  not  fallen  into 
contradiction  : he  fpeaks  of  matters  not  very 
credible,  but  they  are  neither  abfolutely  nor 
evidently  impoffible.  As  we  are  ignorant  of 
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the  centre  of  the  earth,  he  thought  he  might 
fuppofe  it  was  a folid  matter,  furrounded  with 
a ring  of  heavy  fluid,  and  afterwards  with  a 
ring  of  water,  on  which  the  external  cruft  was 
fuflained  ; in  the  latter  the  different  parts  of 
this  cruft  were  more  or  iefs  funk,  in  propor- 
tion to  their  relative  weights,  which  produced 
mountains  and  inequalities  on  the  furface  of 
the  earth.  Here,  however,  this  aftronomer 
has  committed  a mechanical  blunder  ; he  did 
not  recolle£t  that  the  earth,  according  to  this 
hypothefis,  muft  be  an  uniform  arch,  and  that 
confequently  it  could  not  be  borne  on  the 
water  it  contains,  and  much  lefs  funk  therein. 
Ï do  not  know  that  there  are  any  other  phyfical 
errors  ; but  he  has  made  a great  number  of 
errors,  both  in  metaphyfics  and  theology.  On 
the  whole,  it  cannot  be  denied  abfolutely  that 
the  earth  meeting  with  the  tail  of  a comet 
might  not  be  inundated,  efpecially  allowing  the 
author  that  the  tail  of  a comet,  may  contain 
aqueous  vapours  ; nor  can  it  be  denied  as  an 
abfolute  impoftibility  that  the  tail  of  a comet, 
in  returning  from  its  perihelium,  might  not 
burn  the  earth,  if  we  fuppofe,  with  Mr.  Whif- 
ton,  that  the  comet  pafled  very  near  the  fun;  it 
is  the  fame  with  the  reft  of  the  fyftem.  But 

though 
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though  his  ideas  are  not  abfolutely  impolli- 
bilities,  there  is  fo  little  probability  to  each 
thing,  when  taken  feparately,  that  the  refult 
upon  the  whole  taken  together  puts  it  beyond 
credibility. 

The  three  fyftems  we  have  fpoken  of  are 
not  the  only  works  which  have  been  compofed 
on  the  theory  of  the  earth  ; a Memoir  of  M. 
Bourguet  appeared  in  1729,  printed  at  Am- 
fterdam,  with  his  “ Philofophical  Letters  on 
the  Formation  of  Salts,  &c.”  in  which  he 
gives  a fpecimen  of  the  fyflem  he  meditated, 
but  which  was  prevented  completion  by  the 
death  of  the  author.  It  is  but  juftice  to  ad- 
mit, that  no  perfon  was  more  induftrious  in 
making  obfervations  or  collecting  faCts.  To 
him  we  owe  that  great  and  beautiful  ojfferva- 
tion,  the  correfpondence  between  the  angles  of 
mountains.  He  prefents  every  thing  which  he 
had  collected  in  great  order  ; but  with  all  thofe 
advantages,  it  appears  that  he  has  fucceeded  no 
better  than  the  reft  in  making  a phyfical  and 
reafonable  hiftory  of  the  changes  which  had 
happened  to  the  globe,  and  that  he  was  very 
wide  from  having  found  the  real  caufe  of  thofe 
effeCts  which  he  relates.  To  be  convinced  of 
this  we  need  only  caft  our  eyes  on  the  propo- 
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fitions  which  he  deduces  from  the  phenomena, 
and  which  ought  to  ferve  for  the  bafis  of  his 
theory.  He  fays,  that  the  whole  globe  took 
its  form  at  one  time,  and  not  fucceflively  ; 
that  its  form  and  difpofition  proves  that  it  has 
been  in  a ftate  of  fluidity  ; that  the  prefen! 
ftate  of  the  earth  is  very  different  from  that  in 
which  it  was  for  many  ages  after  its  firfh  for- 
mation ; that  the  matter  of  the  globe  was  at 
the  beginning  lefs  denfe  than  fince  it  altered  its 
appearance  ; that  the  condenfation  of  its  folic! 
parts  diminifhed  by  degrees  with  its  velocity, 
fo  that  after  having  made  a number  of  revolu- 
tions on  its  axis,  and  round  the  fun,  it  found 
itfelf  on  a fudden  in  a ftate  of  diffolution, 
which  deftroyed  its  firft  ftru£ture.  This  hap- 
pened about  the  vernal  equinox.  That  the 
fea-fhelts  introduced  themfelves  into  the  dif- 
folved  matters  ; that  after  this  diffolution  the 
earth  took  the  form  it  now  has,  and  that  the 
fire  which  diredtly  infufed  itfelf  therein  con-' 
fumed  it  by  degrees,  and  it  will  be  one  day  de^ 
ftroyed  by  a terrible  explofion,  accompanied 
with  a general  conflagration,  which  will  aug- 
ment the  atmofphere  of  the  globe,  and  diminifti 
its  diameter,  and  that  then  the  earth,  inftead 
of  beds  of  fand  or  earth,  will  have  only  ftrata 
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of  calcined  metal  and  mountains,  compofed  of 
amalgamas  of  different  metals. 

This  is  fufficient  to  fhew  the  fyftem  M* 
Bourguet  meditated  : to  divine  in  this  manner 
the  part,  and  predict  the  future,  nearly  as  others 
have  predicted,  does  not  appear  to  me  to  be  an 
effort  of  judgment  : this  author  had  more  eru- 
dition than  found  and  general  views  . he  ap- 
pears to  be  deficient  in  that  capacioufnefs  of 
ideas  neceffary  to  follow  the  extent  of  the  fub- 
je6t,  and  enable  him  to  comprehend  the  chain 
of  caufes  and  effects. 

In  the  a£ts  of  Leipfic,  the  famous  Leibnitz 
publifhed  a fcheme  of  quite  a different  fyftem, 
under  the  title  of  Protogaea.  The  earth,  ac- 
cording to  Bourguet  and  others,  muft  end  by 
fire  : according  to  Leibnitz  it  began  by  it,  and 
has  buffered  many  more  changes  and  revolu- 
tions than  is  imagined.  The  greateft  part  of 
the  terreftrial  matter  was  furrounded  by  violent 
flames  at  the  time  when  Mofes  fays  light  was 
divided  from  darknefs.  The  planets,  as  well 
as  the  earth,  were  fixed  ftars,  luminous  of 
themfelves.  After  having  burnt  a long  time, 
he  pretends  that  they  were  extinguilhed  for 
want  of  combuftible  matter,  and  are  become 
opaque  bodies.  The  fire,  by  melting  the  mat- 
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ter,  produced  a vitrified  cruft,  and  the  bafis  of 
all  the  matter  which  compofes  the  globe  is 
glafs,  of  which  fand  and  gravel  are  only  frag- 
ments. The  other  kinds  of  earth  are  formed 
from  a mixture  of  this  fand,  with  fixed  faits 
and  water,  and  when  the  cruft  cooled,  the 
humid  particles,  which  were' rai fed  in  form  of 
vapours,  re-fell,  and  formed  the  fea.  They  at 
firft  covered  the  whole  furface,  and  even  fur- 
mounted  the  higheft  mountains.  According 
to  this  author,  the  ftiells,  and  other  wrecks  of 
the  Tea,  which  are  every  where  to  be  found, 
pofitively  prove  that  the  fea  has  covered  the 
whole  earth  ; and  the  great  quantity  of  fixed 
faits,  fand,  and  other  melted  and  calcined  mat- 
ters, which  are  included  in  the  bowels  of  the 
earth,  prove  that  the  conflagration  had  been 
general,  and  that  it  preceded  the  exiftence  of 
the  fea.  Although  thefe  thoughts  are  void  of 
proofs,  they  are  capital.  The  ideas  have  con- 
nection, the  hypothefes  are  not  impoflible,  and 
the  confequences  that  may  be  drawn  therefrom 
are  not  contradictory  : but  the  grand  defeCt  of 
this  theory  is,  that  it  is  not  applicable  to  the 
prefent  ftate  of  the  earth  ; it  is  the  part  which 
it  explains,  and  this  paft  is  fo  far  back,  and  has 
left  us  fo  few  remains,  that  we  may  fay  what 
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we  pleafe  of  it,  and  the  probability  will  be  in 
proportion  as  a man  has  talents  to  elucidate 
what  he  afferts.  To  affirm,  as  Whifton  has 
done,  that  the  earth  was  originally  a comet, 
or,  with  Leibnitz,  that  it  has  been  a fun,  is 
faying  things  equally  poffible  or  impoffible, 
and  to  which  it  would  be  ridiculous  to  apply 
the  rules  of  probability.  To  fay  that  the  fea 
formerly  covered  all  the  earth,  that  it  fur- 
rounded  the  whole  globe,  and  that  it  is  for  this 
reafon  (hells  are  every  where  .found,  is  not 
paying  attention  to  a very  effential  point*  the 
unity  of  the  time  of  the  creation  ; for  if  that 
was  fo,  it  mull  neceflarily  be  admitted,  that 
(hell-fifh,  and  other  inhabitants  of  the  fea,  of 
which  we  find  the  remains  in  the  internal  part 
of  the  earth,  exifted  long  before  man,  and  all 
terreftrial  animals.  Now,  independent  of  the 
teftimony  of  Holy  Writ,  is  it  not  reafonable 
to  think,  that  all  animals  and  vegetables  are 
nearly  as  ancient  as  each  other  ? 

M.  Scheutzer,  in  a difiertation,  addrefied  to 
the  Academy  of  Sciences  in  1728,  attributes, 
like  Woodward,  the  change,  or  rather  the 
fécond  formation  of  the  globe,  to  the  univerfal 
Deluge;  to  explain  that  of  mountains,  he  fays, 
that  after  the  Deluge,  God  chufing  to  return 
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the  waters  into  fubterraneous  refervoirs,  broke 
and  difplaced  with  his  all-powerful  hand  a 
number  of  beds,  before  horizontal,  and  raifed 
them  above  the  furface  of  the  globe,  which 
was  originally  level.  The  whole  diflertation 
is  compofed  to  imply  this  opinion.  As  it  was 
requifite  thefe  eminences  fhould  be  of  a folid 
confiftence,  M.  Scheutzer  remarks,  that  God 
only  drew  them  from  places  where  there  were 
many  (tones  ; from  hence,  fays  he,  it  proceeds 
that  thofe  countries,  like  Switzerland,  which 
are  very  (tony,  are  alfo  mountainous  ; and  on 
the  contrary,  thofe,  as  Holland,  Flanders, 
Hungary,  and  Poland,  have  only  fand  or  clay, 
even  to  a very  great  depth,  and  are  al mod  en- 
tirely without  mountains*. 

This  author  more  than  any  other  is  defirous 
of  blending  phyflc  with  theology,  and  though 
he  has  given  fome  good  obfervations,  the  fyf- 
tematical  part  of  his  works  is  (till  weaker  than 
thofe  who  preceded  him.  On  this  fqbjeft  he 
has  even  made  declamations  and  ridiculous 
witticifms  ; as  may  be  feen  in  his  Vifciam 
^uaerelte,  &c.  without  fpeaking  of  his  large 
work  in  many  folio  volumes,  Phyftca  Sacra , a 
puerile  work,  which  appears  to  be  compofed 
U 2 lcfs 
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lefs  for  the  inftruition  of  men  than  for  the 
amufement  of  children. 

Steno,  and  fome  others,  have  attributed  the 
caufe  of  the  inequalities  of  the  earth  to  par- 
ticular inundations,  earthquakes,  &c.  but  the 
effects  of  thefe  fecondary  caufes  have  been  only 
able  to  produce  fame  flight  changes.  We 
admit  of  thefe  caufes  after  the  firft  caufe,  the 
motion  of  the  flux  and  reflux,  and  of  the  fea 
from  eaft  to  weft.  Neither  Steno,  nor  the  reft, 
have  given  theory,  nor  even  any  general  fails 
on  this  matter 

Ray  pretends  that  all  mountains  have  been 
produced  by  earthquakes,  and  he  has  çompofed 
a treatife  to  prove  it  ; we  fhall  fhew  under  the 
article  of  volcanos  what  little  foundation  his. 
opinion  is  built  upon. 

We  cannot  difpenfe  without  obferving,  that 
Burnet,  Woodward,  Whifton,  and  mod  of 
thefe  other  authors,  have  committed  an  error 
which  deferves  to  be  cleared  up  ; which  is,  to 
have  looked  upon  the  Deluge  as  poflible  by 
the  ailion  of  natural  caufes,  whçreas  fcripture 
prefents  it  to  us  as  produced  by  the  immediate 
will  of  God;  there  is  no  natural  caufe  which 
can  produce  on  the  whole  furface  of  the  earth 

the 
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the  quantity  of  water  required  to  cover  the 
higheft  mountains,  and  if  even  we  could 
imagine  a caufe  proportionate  to  this  effeft,  it 
would  ftill  be  impoifible  to  find  another  caufe 
capable  of  caufing  the  water  to  difappear  ; 
allowing  Whifton,  that  thefe  waters  proceeded 
from  the  tail  of  a comet,  we  deny  that  any 
could  proceed  from  the  great  abyfs,  or  that 
they  all  returned  into  it,  fince  the  great  abyfs, 
according  to  him,  being  furrounded  on  every 
fide  by  the  cruft,  or  terreftrial  orb,  it  is  impof- 
fible  that  the  attra&ion  of  the  comet  could 
caufe  any  motion  to  the  fluids  it  contained  ; 
much  lefs,  as  he  fays,  a violent  flux  and  re- 
flux ; hence  there  could  not  be  iffued  from,  nor 
entered  into,  the  great  abyfs,  a Angle  drop  of 
water  ; and  unlefs  it  is  fuppofed  that  the  waters 
which  fell  from  the  comet  have  been  deftroyed 
by  a miracle,  they  would  ftill  be  on  the  furface 
of  the  earth,  covering  the  fummits  of  the  high- 
eft mountains.  Nothing  better  charadterifes  a 
miracle,  than  the  impoffibility  of  explaining 
the  effe£t  of  it  by  natural  caufes.  Our  authors 
have  made  vain  efforts  to  give  a reafon  for  the 
Deluge  : their  phyfical' efforts,  and  the  fecondary 
caufes,  which  they  make  ufe  of,  prove  the 
truth  of  the  fadl  as  reported  in  the  Scriptures, 
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and  demonftrate  that  it  could  only  have  been 
performed  by  the  firft  caufe,  the  will  of  the 
Almighty. 

Befides,  it  is  certain  that  it  was  neither  at  one 
time,  nor  by  the  effe£t  of  the  Deluge,  that  the 
fea  left  dry  thefe  continents  we  inhabit  : for  it 
is  certain,  by  the  teftimony  of  Holy  Writ,  that 
the  terreftrial  paradife  was  in  Afia,  and  that 
Afia  was  inhabited  before  the  Deluge;  confe- 
quently  the  fea,  at  that  time,  did  not  cover  this 
confiderable  part  of  the  globe.  The  earth 
before  the  Deluge  was  nearly  as  it  is  at  prefent, 
and  this  enormous  quantity  of  water,  which 
divine  juftice  caufed  to  fall  on  the  earth  to 
punifli  guilty  men,  in  faéi,  brought  death  on 
every  creature  ; but  it  produced  no  change  on 
the  furface  of  the  earth,  it  did  not  even  deftroy 
plants  which  grew  upon  it,  fince  the  dove 
brought  an  olive  branch  to  the  ark  in  her 
beak. 

Why,  therefore,  imagine,  as  many  of  our 
naturalifts  have  done,  that  this  water  totally 
changed  the  furface  of  the  globe  even  to  a depth 
of  two  thoufand  feet?  Why  do  they  defire  it 
to  be  the  Deluge  which  has  brought  the  fhells 
on  the  earth,  which  we  meet  with  at  7 or  80a 
feet  depth  in  rocks  and  marble  ? Why  fay,  that 
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the  hills  and  mountains  were  formed  at  that 
time  ? And  how  can  we  figure  to  ourfelves, 
that  it  is  poffible  for  thefe  waters  to  have 
brought  mafles  and  banks  of  (hells  100  miles 
long  ? I fee  not  how  they  can  perfift  in  this 
opinion,  at  lead,  without  admitting  a double 
miracle  in  the  Deluge  ; the  firfl:,  for  the  aug- 
mentation of  the  waters;  and  the  fécond,  for 
the  tranfportation  of  the  (hells  ; but  as  there 
is  only  the  firfl:  which  is  related  in  the  Bible,  I 
do  not  fee  it  necefiary  to  make  the  fécond  an 
article  of  our  creed. 

On  the  other  hand,  if  the  waters  of  the 
Deluge  had  retired  all  at  once,  they  would  have 
carried  fo  great  a quantity  of  mud  and  other 
impurities,  that  the  Earth  would  not  have  been 
capable  of  culture  till  many  ages  after  this  inun- 
dation, as  is  known  by  the  deluge  which  hap- 
pened in  Greece,  where  the  overflowed  coun- 
try was  totally  forfaken,  and  could  not  receive 
any  cultivation  for  more  than  three  centuries*. 
We  ought  alfo  to  look  on  the  univerfal  Deluge 
as  a fupernatural  means,  of  which  the  Al- 
mighty made  ufe  for  the  chaftifement  of  man- 
kind, and  not  as  an  effeft  of  a natural  caufe. 
The  univerfal  Deluge  is  a miracle  both  in  its 

caufe 
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caufe  and  effefts  ; we  fee  clearly  by  the  Scripture 
that  it  was  defigned  for  the  deftru&ion  of  men 
and  animals,  and  that  it  did  not  in  any  mode 
change  the  earth,  fince  after  the  retreat  of  the 
waters,  the  mountains  and  even  the  trees  were 
in  their  places,  and  the  furface  of  the  earth 
was  proper  to  receive  culture,  and  produce 
vines  and  fruits.  How  could  all  the  race  of 
fifh,  which  did  not  enter  the  ark,  be  preferved, 
if  the  earth  had  been  diffolved  in  the  water, 
or  only  if  the  waters  had  been  fufficiently 
agitated  to  tranfport  fhells  from  India  to  Eu- 
rope, &c,? 

Neverthelefs,  this  fuppofition,  that  it  was 
the  Deluge  which  tranfported  the  fhells  of  the 
fea  into  every  climate,  is  the  opinion,  or  rather 
the  fuperflition  of  naturalifts.  Woodward, 
Scheutzer,  and  fome  more,  call  thefe  petrified 
fhells  the  remains  of  the  Deluge  ; they  look 
on  them  as  the  medals  and  monuments  which 
God  has  left  us  of  this  terrible  event,  in  order 
that  it  never  fhould  be  effaced  from  the  human 
race.  In  fhort,  they  have  adopted  this  hypo- 
thefis  with  fo  much  enthufiafm,  that  they  ap- 
pear only  defirous  to  reconcile  Holy  Scripture 
with  their  opinion  ; and  inftead  of  making  ufe 
of  their  obfervations,  and  deriving  light  there- 
from. 
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from,  they  envelope  themfelves  in  the  clouds 
of  a phyfical  theology,  the  obfcurity  of  which 
is  derogatory  to  the  fimplicity  and  dignity  of 
religion,  and  only  leaves  the  abfurd  to  perceive 
a ridiculous  mixture  of  human  ideas  and  di- 
vine truths.  To  pretend  to  explain  the  uni- 
verfal  Deluge,  and  its  phyfical  caufes  ; to  at- 
tempt to  teach  what  pafled  in  the  time  of  that 
great  revolution  ; to  divine  what  were  the 
effeâs  of  it  ; to  add  fails  to  thofe  of  Holy  Writ, 
to  draw  confequences  from  fuch  fails  is  only 
a prefumptuous  attempt  to  meafure  the  power 
of  the  Mod  High.  The  natural  wonders 
which  his  benevolent  hand  performs  in  an 
uniform  and  regular  manner,  are  incompre- 
henfible  ; and  by  the  ftrcngeft  reafon,  thefe 
wonderful  operations  and  miracles  ought  to 
hold  us  in  awful  wonder,  and  in , filent  ado- 
ration. 

But  they  will  fay,  the  univerfal  Deluge  being 
a certain  fail,  is  it  not  permitted  to  reafon  on 
its  confequences  ? It  may  be  fo  ; but  it  is  re- 
quifite  that  you  fhould  begin  by  allowing  that 
the  Deluge  could  not  be  performed  by  phyfical 
caufes  ; you  ought  to  confider  it  is  an  imme- 
diate effeil  of  the  will  of  the  Almighty  ; you 
ought  to  confine  yourfelves  to  know  only  what 
vol.  i.  X the 
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the  Holy  Writ  teaches,  and  particularly  not  to 
blend  bad  philofophy  with  the  purity  of  divine 
truth.  Thefe  precautions,  which  the  refpe£t 
we  owe  to  the  Almighty  exa&s,  being  taken, 
what  remains  for  examination  on  the  fubjeft 
of  the  Deluge  ? Does  the  Scripture  fay  moun- 
tains were  formed  by  the  Deluge  ? No,  it  fays 
the  contrary.  Is  it  faid  that  the  agitation  of 
the  waters  were  fo  great,  as  to  raife  up  (hells 
from  the  bottom  of  the  fea,  and  tranfport  them 
all  over  the  Earth  ? No  ; the  ark  floated 
quietly  on  the  furface  of  the  waters.  Is  it 
faid,  that  the  Earth  fuffered  a total  diflolution  ? 
None  at  all  : the  recital  of  the  facred  hiftorian 
is  Ample  and  true,  that  of  thefe  naturalifts 
complex  and  fabulous. 
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HE  furface  of  the  Earth,  like  that  of 


Jupiter,  is  not  divided  by  bands  alter- 
native and  parallel  to  the  equator  ; on  the  con- 
trary, it  is  divided  from  one  pole  to  the  other, 
by  two  bands  of  earth,  and  two  of  fea  ; the 
firft  and  principal  is  the  ancient  continent,  the 
greateft  length  of  which  is  found  to  be  in  a 
line,  beginning  on  the  eaft  point  of  the  northern 
part  of  Tartary,  and  extending  from  thence  to 
the  land  which  borders  on  the  gulph  of  Lin- 
chidolkin,  where  the  Mufcovites  fifh  for 
whales  ; from  thence  to  Tobolfki,  from  To- 
bolfki  to  the  Cafpian  fea,  from  the  Cafpian  fea 
to  Mecca,  and  from  Mecca  to  the  weftern 
part  of  the  country  inhabited  by  the  Galli,  in 
Africa  ; afterwards  to  Monoemuci  or  Mono- 
motapa,  and  at  laft  to  the  Cape  of  Good  Hope  ; 
this  line,  which  is  the  greateft  length  of  the 
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old  continent,  is  about  3600  leagues,  Paris 
meafure  ; it  is  only  interrupted  by  the  Cafpian 
and  Red  feas,  the  breadths  of  which  are  not 
very  confiderable,  and  we  muft  not  pay  any 
regard  to  thefe  interruptions,  when  it  is  con- 
fidered,  the  furface  of  the  globe  is  divided  only 
in  four  parts. 

This  greateft  length  is  found  by  meafuring 
the  old  continent  diagonally  ; for  if  meafured 
according  to  the  meridians,  we  fhall  find  that 
there  are  only  2500  leagues  from  the  northern- 
moft  Cape  of  Lapland  to  the  Cape  of  Good 
Hope  ; and  that  the  Baltic  and  Mediterranean 
caufe  a much  greater  interruption  than  is  met 
with  in  the  other  way.  With  refpeét  to  all 
the  other  diftances  that  might  be  meafured  in 
the  old  continent  under  the  fam  meridian,  wre 
fhall  find  them  to  be  much  fm aller  than  this  ; 
having,  for  example,  only  1800  leagues  from 
the  moft  fouthern  point  of  the  ifland  of  Ceylon 
to  the  northernmoft  coaft  of  Nova  Zembla. 
Likewife,  if  we  meafure  the  continent  parallel 
to  the  equator,  we  find  that  the  greateft  un- 
interrupted length  is  found  from  Trefna,  on 
the  weftern  coaft  of  Africa,  to  Ninpo,  on  the 
eaftern  coaft  of  China,  and  that  it  is  about  2800 
leagues.  Another  courfe  may  be  meafured 
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from  the  point  of  Brittany  near  Bred,  extend- 
ing to  the  Chinefe  Tartary  ; about  2300 
leagues.  From  Bergen,  in  Norway,  to  the 
coaft  of  Kamfchatka,  is  no  more  than  1800 
leagues.  All  thefe  lines  have  much  lefs  length 
than  the  firft,  therefore  the  greateft  extent  of 
the  old  continent,  is,  in  fa£t  from  the  eaftern 
point  of  Tartary  to  the  Cape  of  Good  Hope, 
that  is  about  3600  leagues. 

There  is  fo  great  an  equality  of  furface  on 
each  fide  of  this  line,  which  is  alfo  the  longeft, 
that  there  is  every  probability  to  fuppofe  it 
really  divides  the  contents  of  the  ancient  con- 
tinent ; for  in  meafuring  on  one  fide  is  found 
2,471,092!  fquare  leagues,  and  on  the  other 
2,469,687. 

Agreeable  to  this,  the  old  continent  conflits 
of  about  4,940,780  fquare  leagues,  which  is 
nearly  one-fifth  of  the  whole  furface  of  the 
globe,  and  has  an  inclination  towards  the  equa- 
tor of  about  30  degrees. 

The  greateft  length  of  the  new  continent 
may  be  taken  in  a line  from  the  mouth  of  the 
river  Plata  to  the  lake  of  the  Affiniboils.  From 
the  former  it  pafles  to  the  lake  Caracara  ; from 
thence  to  Mataguais,  Pocona,  Zongo,  Ma- 
riana-, Morua,  St.  Fe,  and  Carthagena;  it 
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then  proceeds  through  the  gtilph  of  Mexico* 
Jamaica,  and  Cuba,  paffes  along  the  peninfula 
of  Florida,  through  Apolache,  Chicachas,  and 
from  thence  to  St.  Louis,  Fort  le  Suer,  and 
ends  on  the  borders  of  lake  Affiniboils  ; the 
whole  extent  of  which  is  dill  unknown. 

This  line,  which  is  interrupted  only  by  the 
Mexican  gulph  (which  mud  be  looked  upon 
as  a mediterranean  fea)  may  be  about  2500 
leagues  long,  and  divides  the  new  continent 
into  nearly  two  equal  parts,  the  left  of  which 
contains  about  1,069,286^-  leagues  fquare,  and 
that  on  the  right  about  1,070,926^0-;  this  line, 
which  forms  the  middle  of  the  band  of  the 
new  continent,  is  inclined  to  the  equator  about 
30  degrees,  but  in  an  oppofite  direction,  for 
that  of  the  old  continent  extends  from  the 
north-ead  to  the  fouth-wed,  and  that  of  the 
new  continent  from  the  north-weft  to  the 
fouth-eaft.  All  thofe  lands  together,  of  the 
old  and  new  continent,  make  about  7,080,993 
leagues  fquare,  which  is  not  near  the  third  of 
the  whole  furface,  which  contains  25  millions 
pf  fquare  leagues. 

It  muft  be  remarked,  that  thefe  two  lines, 
which  divide  the  continents  into  two  equal 
parts,  both  terminate  at  the  fame  degree  of 
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fouthern  and  northern  latitude,  and  that  the 
two  continents  make  oppofite  projections, 
which  exactly  face  each  other  ; to  wit,  the 
coafts  of  Africa,  from  the  Canary  iflands  to 
the  coafts  of  Guinea,  and  thofe  of  America 
from  Guiana  to  the  mouth  oftRio  Janeiro. 

It  appears,  therefore,  that  the  moft  ancient 
land  of  the  globe  is  on  the  two  fides  of  thefe 
lines,  at  the  diftance  of  from  2 to  250  leagues 
on  each  fide.  By  following  this  idea,  which 
is  founded  on  the  obfervations  before  related, 
we  fhall  find  in  the  old  continent  that  the  moft 
ancient  lands  of  Africa  are  thofe  which  extend 
from  the  Cape  of  Good  Hope  to  the  Red  Sea, 
as  far  as  Egypt,  about  500  leagues  broad,  and 
that,  confequently,  all  the  weftern  coafts  of 
Africa,  from  Guinea  to  the  ftraits  of  Gibraltar, 
are  the  neweft  lands.  So  likewife  we  fhall 
difcover  that  in  Afia,  if  we  follow  the  line  on 
the  fame  breadth,  the  moft  ancient  lands  are 
Arabia  Felix  and  Deferta,  Perfia,  Georgia, 
Turcomania,  part  of  Tartary,  Circaftia,  part 
of  Mufcovy,  &c.  that  confequently  Europe, 
and  perhaps  alfo  China,  and  the  eaftern  part  of 
Tartary,  are  more  modern.  In  the  new  con- 
tinent we  fhall  find  the  Terra  Magellanica, 
the  eaftern  part  of  Brafil,  the  country  of  the 
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Amazons,  Guiana,  and  Canada,  to  be  the  new 
lands,  in  companion  with  Peru,  Terra  Firma, 
the  iflands  in  the  gulph  of  Mexico,  Florida, 
the  Miffiffippi,  and  Mexico. 

To  thefe  obfervations  we  may  add  two  very 
remarkable  fails,  the  old  and  new  continent 
are  almoft  oppofite  each  other  ; the  old  is  more 
cxtenfive  to  the  north  of  the  equator  than  the 
fouth  ; the  new  is  more  to  the  fouth  than  the 
north.  The  centre  of  the  old  continent  is  in 
the  1 6th  or  1 8th  degree  of  north  latitude,  and 
the  centre  of  the  new  is  in  the  16th  or  18th 
degree  fouth  latitude,  fo  that  they  feem  to  be 
made  to  counterbalance  each  other.  There  is 
alfo  a Angular  conn  ilion  between  the  two 
continents,  although  it  appears  to  be  more 
accidental  than  thofe  which  1 have  fpoken  of, 
which  is,  that  if  the  two  continents  were 
divided  into  two  parts,  all  four  would  be  fur- 
rounded  by  the  fea,  if  it  were  not  for  the  two 
fmall  ifthmufes,  :>uez  and  Panama. 

This  is  the  moft  general  idea  which  an  at- 
tentive infpe&ion  of  the  globe  furnifhes  us 
with,  on  the  divifion  of  the  earth.  We  fhall 
abftain  from  forming  hypothefes  thereon,  and 
hazarding  reafonings  which  might  lead  into 
falfe  conelufions  ; but  no  one  as  yet  having 
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confidered  the  divifion  of  the  globe  under  this 
point  of  view,  I fliall  fubmit  a few  remarks. 
It  is  very  fingular  that  the  line  which  forms 
the  greateft  length  of  the  terrertrial  continents 
divides  them  alfo  into  two  equal  parts;  it  is  no 
lefs  fo  that  thefe  two  lines  commence  and  end 
at  the  fame  degrees  of  latitude,  and  are  both 
alike  inclined  to  the  equator.  Thefe  relations 
may  belong  to  fome  general  conclu  fions,  but 
of  which  we  are  ignorant.  The  inequalities 
in  the  figure  of  the  two  continents  we  {hall 
hereafter  examine  more  fully  : it  is  fufficient 
here  to  obferve,  that  the  mod  ancient  coun* 
tries  are  the  neareft  to  thefe  lines,  and  are  the 
higheft  ; that  the  more  modern  lands  are  the 
fartheft,  and  alfo  the  loweft.  Thus  in  America, 
the  country  of  the  Amazons,  Guiana,  and 
Canada,  will  be  the  moft  modern  parts  ; by 
carting  our  eyes  on  the  map  of  this  country 
we  fee  the  waters  on  every  fide,  and  that  they 
are  divided  by  numberlefs  lakes  and  rivers, 
which  alfo  indicates  that  thefe  lands  are  of  a 
late  formation;  while,  on  the  other  hand,  Peru 
and  Mexico  are  high  mountains,  and  lituate  at 
no  great  diftance  from  the  line  that  divides  the 
continent,  which  are  circumftances  that  feem 
to  prove  their  antiquity.  Africa  is  very  moun- 
VOL,  i.  Y tainous 
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tainous,  and  that  part  of  the  world  is  alfo  very 
ancient.  There  is  only  Egypt,  Barbary,  and 
the  weilern  coafts  of  Africa,  as  far  as  Senegal 
in  this  part  of  the  globe,  which  can  be  looked 
upon  as  modern  countries.  Afia  is  an  old 
land,  and  perhaps  the  mod  ancient  of  all,  par- 
ticularly Arabia,  Perfia,  and  Tartary;  but  the 
inequalities  of  this  vafl  part  of  the  globe,  as 
well  as  thofe  of  Europe,  we  will  confider  in  a 
feparate  article.  It  might  be  faid,  in  general, 
that  Europe  is  a new  country,  and  fuch  po- 
fition  would  be  fupported  both  by  the  uni- 
verfal  traditions  relative  to  the  emigrations  of 
different  people,  and  the  origin  of  arts  and 
fciences.  It  is  not  long  fince  it  was  filled  with 
moraffes,  and  covered  with  forefts,  whereas  in 
the  land  anciently  inhabited,  there  are  but  few 
woods,  little  wTater,  ho  moraffes,  much  land, 
and  a number  of  mountains,  whofe  fummits 
are  dry  and  barren  ; for  men  deftroy  the  woods, 
drain  the  waters,  confine  rivers,  dry  up  mo- 
raffes, and  in  time  give  a different  appearance 
to  the  face  of  the  earth,  from  that  of  uninha- 
bited or  newly-peopled  countries. 

The  ancients  were  acquainted  with  but  a 
fmall  part  of  the  globe.  All  America,  the 
Magellanic,  and  a great  part  of  the  interior 
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part  of  Africa,  was  entirely  unknown  to  them» 
"They  knew  not  that  the  torrid  zone  was  in- 
habited, although  they  had  navigated  around 
Africa,  for  it  is  2200  years  fince  Neco,  king 
of  Egypt,  gave  veflels  to  the  Phenicians,  who 
failed  along  the  Red  fea,  coafted  round  Africa, 
doubled  the  Cape  of  Good  Hope,  and  having 
employed  two  years  in  this  voyage,  the  third 
year  they  entered  the  ftraits  of  Gibraltar  #. 
The  ancients  were  unacquainted  with  the  pro- 
perty of  the  load-ftone,  if  turned  towards  the 
poles,  although  they  knew  that  it  attracted 
iron.  They  were  ignorant  o-f  the  general 
oaufe  of  the  flux  and  reflux  of  the  fea,  nor 
were  they  certain  the  ocean  furrounded  the 
globe  ; fome,  indeed,  fufpe£ted  it  might  be  fo, 
but  with  fo  little  foundation,  that  no  one  dared 
to  fay,  or  even  conje&ure,  it  was  poflible  to 
make  a voyage  round  the  world.  Magellan 
was  the  firft  who  attempted  it  in  the  year 
1519,  and  accompliftied  the  great  voyage  in 
1124  days.  Sir  Francis  Drake  was  the  fécond, 
in  1577,  and  he  performed  it  in  1056  days; 
afterwards  Thomas  Cavendifh  made  this  great 
voyage  in  777  days,  in  the  year  1586.  Thefe 
celebrated  navigators  were  the  firft  who  de- 
Y 2 monftrated 

* Vide  Herodotus,  lib,  iv. 
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monftrated  phyfically  the  fphericity  and  the 
extent  of  the  earth’s  circumference  ; for  the 
ancients  had  no  conception  of  the  extent  of 
this  circumference,  although  they  had  travelled 
a great  deal.  The  trade  winds,  fo  ufeful  in 
long  voyages,  were  alfo  unknown  to  them  ; 
therefore  we  mud  not  be  furprifed  at  the  little 
progrefs  they  made  in  geography.  Notwith- 
{landing  the  knowledge  we  have  acquired  by 
the- aid  of  mathematical  fciences,  and  the  dif- 
covery  of  navigators,  many  things  remain  {till 
unfettled,  and  vaft  countries  undifcovered. 
Almoft  all  the  land  on  the  fide  of  the  Atlantic 
pole  is  unknown  to  us  ; we  only  know  that 
there  is  fome,  and  that  it  is  Separated  from  all 
the  other  continents  by  the  ocean.  Much 
land  alfo  remains  to  be  difcovered  on  the  fide 
of  the  Ardic  pole,  and  it  is  to  be  regretted 
that  for  more  than  a century  the  ardour  of  dis- 
covering new  countries  is  extremely  abated. 
European  governments  feem  to  prefer,  and 
poffibly  with  reafon,  increafing  the  valqe  of 
thofe  countries  we  are  acquainted  with  to  the 
glory  of  conquering  new  ones. 

Neverthelefs,  the  difcovery  of  the  fouthern 
continent  would  be  a great  objed  of  çuriofity, 
and  might  be  ufeful.  We  have  difcovered  only 

fome 
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fome  few  of  its  coafls  ; thofe  navigators  who 
have  attempted  this  difcovery,  have  always 
been  flopped  by  the  ice.  The  thick  fogs,  which 
are  in  thofe  latitudes,  is  another  obflacle  ; yet, 
in  defiance  of  thefe  inconveniencies,  it  is  pro- 
bable, that  by  failing  from  the  Cape  of  Good 
Hope  at  different  feafons,  we  might  at  laft  dif- 
cover  a part  of  thefe  lands,  which  hitherto 
make  a feparate  world. 

There  is  another  method  which  poffibly 
might  fucced  better,  the  ice  and  fogs  having 
hitherto  prevented  the  difcovery,  might  it  not 
be  attempted  by  the  Pacific  fea  ; failing  from 
Baldivia,  or  any  other  port  on  the  coafl  of 
Chili,  and  traverfing  this  fea  under  the  50th 
degree  fouth  latitude  ; there  is  not  the  leaft 
appearance  that  this  navigation  is  perilous, 
and  it  is  probable  would  be  attended  with  the 
difcovery  of  new  countries  ; for  what  remains 
for  us  to  know  on  the  coafl  of  the  fouthern 
pole,  is  fo  confiderable,  that  we  may  eflimate 
it  at  a fourth  part  of  the  globe,  and  of  courfe 
may  contain  a continent  as  large  as  Europe, 
Afia,  and  Africa,  altogether. 

As  we  are  not  at  all  acquainted  with  this 
part  of  the  globe,  we  cannot  juflly  know  the 
proportion  between  the  furface  of  the  Earth 
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and  that  of  the  fea  ; only  as  much  as  may  be 
judged  by  infpe&ion  of  what  is  known,  there 
is  more  fea  than  land. 

If  we  would  have  an  idea  of  the  enormous 
quantity  of  water  which  the  fea  contains,  we 
muft  fuppofe  a ‘medium  depth,  and  by  com- 
puting it  only  at  200  fathom,  or  the  6th  part  of 
a league,  we  fhall  find  that  there  isfufficient  to 
cover  the  whole  globe  to  the  height  of  600 
feet  of  water,  and  if  we  would  reduce  this 
water  into  one  mafs,  it  would  form  a globe  of 
more  than  60  miles  diameter. 

Navigators  pretend,  that  the  latitudes  near 
the  fouth  pole  are  much  colder  than  thofe  of 
the  north,  but  there  is  no  appearance  that  this 
opinion  is  founded  on  truth,  and  probably  has 
been  adopted,  becaufe  ice  is  found  in  latitudes 
where  it  is  fcarcely  ever  feen  in  the  fouthern 
feas  ; but  that  may  proceed  from  fome  parti- 
cular caufe.  We  find  no  ice  in  April  on  this 
fide  67  and  68  degrees,  northern  latitude:  and 
the  favages  of  Arcadia  and  Canada  fay, 
when  it  is  not  all  melted  in  that  month,  it  is  a 
fign  the  reft  of  the  year  will  be  cold  and  rainy. 
In  1725  there  may  be  faid  to  have  been  no 
fummer,  it  rained  almoft  continually  ; and  the 
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ke  of  the  northern  fea,  was  not  only  not  melted 
in  April  in  the  67th  degree,  but  even  it  was 
found  the  15th  of  June  towards  the  41ft  and 
42d  degree  *. 

A great  quantity  of  floating  ice  appears  in 
the  northern  fea,  efpecially  at  fome  dillance 
from  land.  It  comes  from  the  Tartarian  fea 
into  that  of  Nova  Zembla,  and  other  parts 
of  the  frozen  ocean.  I have  been  allured  by 
people  of  credit,  that  an  Englilh  Captain, 
named  Monfon,  inftead  of  feeking  a paflage 
between  the  northern  land  to  go  to  China,  di- 
rected his  courfe  lirait  to  the  pole,  and  had 
approached  it  within  two  degrees;  that  in  this 
courfe  he  had  found  an  open  fea,  without  any 
ice,  which  proves  that  the  ice  is  formed  near 
land,  and  never  in  open  fea  ; for  if  we  Ihould 
fuppofe,  againft  all  probability,  that  it  might 
be  cold  enough  at  the  pole  to  freeze  over  the 
furface  of  the  fea,  it  is  Hill  not  conceivable 
how  thefe  enormous  floating  mountains  of  ice 
could  be  formed,  if  they  did  not  find  a fixed 
point  againft  land,  from  whence  afterwards 
they  were  loofened  by  the  heat  of  the  fun. 
The  two  veflels  which  the  Eaft-India  Com- 
pany fent  in  1739,  to  difcover  land  in  the 

South 


* See  the  Hilt  of  the  Acad,  Ann.  1725. 


168 


buffon’s 


South  feas,  found  ice  in  the  latitude  of  47  and 
48  degrees,  but  this  ice  was  not  far  from  fhore, 
that  being  in  fight,  although  they  were  unable 
to  land.  This  muft  have  been  feparated  from 
the  adjoining  lands  of  the  fouth  pole,  and  it 
may  be  conjeétured  that  they  follow  the  courfe 
of  fome  great  rivers,  which  water  the  un- 
known land,  the  fame  as  the  Oby,  Jenifca 
and  other  great  floods,  which  fall  into  the 
north  feas,  carry  with  them  the  ice,  which, 
during  the  greatefl  part  of  the  year,  flops  up 
the  ftraits  of  Waigat,  and  renders  the  Tar- 
tarian fea  unnavigable  by  this  courfe  ; whereas 
beyond  Nova  Zembla,  and  nearer  the  poles, 
where  there  are  few  rivers,  and  but  little  land, 
ice  is  not  fo  frequently  met  with,  and  the  fea 
is  more  navigable  ; fo  that  if  they  would  ftili 
attempt  the  voyage  to  China  and  Japan  by  the 
north  feas,  we  fhould  poflibly,  to  keep  clear 
from  the  land  and  ice,  fhape  our  courfe  to  the 
pole,  and  feek  the  open  feas,  where  certainly 
there  is  but  little  or  no  ice  ; for  it  is  known 
the  fait  water  can,  without  freezing,  become 
colder  than  frefh  water  when  frozen,  and  con- 
fequently  the  exceffive  cold  of  the  pole  may 
poflibly  render  the  fea  colder  than  the  ice, 
without  the  furface  being  frozen:  fo  much  the 

more 
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more  as  at  80  or  82  degrees,  the  furface  of 
the  fea,  although  mixed  with  much  fnow  and 
frefli  water,  is  only  frozen  near  the  fhore. 
By  colle&ing  the  teftimonies  of  travellers,  on 
the  partage  from  Europe  to  China,  it  appears 
that  one  does  exift  by  the  north  fea  ; and  the 
reafon  it  has  been  fo  often  attempted  in  vain 
is,  becaufe  they  have  always  feared  to  go 
fufficiently  far  from  land,  and  approach  the 
pole. 

Captain  William  Barents,  who,  as  well  as 
others,  run  aground  in  his  voyage,  yet  did  not 
doubt  but  there  was  a partage,  and  that  if  he  had 
gone  farther  from  fhore,  he  fhould  have  found 
an  open  fea  free  from  ice.  The  Ruffian  navi- 
gators, fent  by  the  Czar  to  furvey  the  north 
feas,  relate  that  Nova  Zembla  is  not  in  ifland, 
but  belonging  to  the  continent  of  Tartary,  and 
that  to  the  north  of  it  is  a free  and  open  fea. 
A Dutch  navigator  afferts,  that  the  fea  throws 
up  whales  on  the  coafts  of  Corea  and  Japan* 
which  have  Englifti  and  Dutch  harpoons  on 
their  backs.  Another  Dutchman  has  pre- 
tended to  have  been  at  the  pole,  and  arterts  it 
is  as  warm  there  as  it  is  at  Amfterdam  in  the 
middle  of  the  fummer.  An  Englifhman, 
named  Golding,  who  made  more  than  thirty 
vql.T.  Z voyages 
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voyages  to  Greenland,  related  to  King  Charles 
II.  that  two  Dutch  veflels  with  which  he  had 
failed,  having  found  no  whales  on  the  coaft  of 
the  ifland  of  Edges,  refolved  to  proceed  farther 
north,  and  that  upon  their  return,  at  the  expi- 
ration of  fifteen  days,  they  told  him,  that  they 
had  been  as  far  as  89  degrees  latitude  (within 
one  degree  of  the  pole),  and  that  they  found  no 
ice  there,  but  an  open  deep  fea  like  that  of  the 
BayofBifcay,  and  that  they  fhewed  him  the 
journals  of  the  two  veffels,  as  a proof  of  what 
they  affirmed.  In  fhort,  it  is  related  in  the 
Philofophical  T ranfaflions  that  two  navigators, 
who  had  undertaken  thedifcovery  ofthispalfage, 
lhaped  a courfe  300  leagues  to  the  eaft  of  Nova 
Zembla,  but  that  the  Eaft  India  Company, 
who  thought  it  their  intereft  this  paffage  fhould 
not  be  difcovered,  hindered  them  from  return- 
ing But  the  Dutch  Eaft  India  Company 
thought,  on  the  contrary,  that  it  was  their  in- 
tereft to  find  this  palfage  ; having  attempted  it 
in  vain  on  the  fide  of  Europe,  they  fought  it  by 
that  of  Japan,  and  they  would  probably  have 
fucceeded,  if  the  Emperor  of  Japan  had  not 
forbidden  all  ftrangers  from  navigating  on  the 
fide  of  the  land  of  J effio.  This  paffage,  therefore, 

cannot 

* See  the  Collection  of  Northern  Voyages,  page  aoo. 
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cannot  be  found  but  by  failing  to  the  pole,  be- 
yond Spitzbergen,  or  by  keeping  the  open  fea 
between  Nova  Zembla  and  Spitzbergen  under 
the  79  th  degree  of  latitude.  We  need  not  fear 
to  find  it  frozen  even  under  the  pole  itfelf,  for 
reafons  we  have  alledged  ; in  fa£t,  there  is  no 
example  of  the  fea  being  frozen  at  a confider- 
able  diftance  from  the  fhore  ; the  only  example  , 
of  a fea  being  frozen  entirely  over,  is  that  of 
the  Black  Sea,  which  is  narrow,  contains  but 
little  fait,  and  receives  a number  of  rivers  from 
the  northern  countries,  and  which  bring  ice 
with  them:  and  if  we  may  credit  hiftorians,  it 
was  frozen  in  the  time  of  the  Emperor  Cor- 
pronymus,  thirty  cubits  deep,  without  reckon- 
ing twenty  cubits  of  fnow  above  the  ice.  This 
appears  to  be  exaggerated,  but  it  is  certain 
that  it  freezes  almoft  every  winter  ; whereas 
the  open  feas,  a thoufand  leagues  nearer  the 
pole,  do  not  freeze  at  all  ; this  can  only  pro- 
ceed from  the  faltnefs,  and  the  little  ice  which 
they  receive,  in  comparifon  with  that  tranf- 
ported  into  the  Black  Sea. 

This  ice,  which  is  looked  upon  as  a barrier 
that  oppofes  the  navigation  near  the  poles,  and 
the  difcovery  of  the  fouthern  continent,  proves 
only  that  there  are  large  rivers  adjacent  to  the 
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places  where  it  is  met  with  ; and  indicates  alfo 
there  are  vaft  continents  from  whence  thefe 
rivers  flow  ; nor  ought  we  to  be  difcou raged  at 
the  fight  of  thefe  obftacles  ; for  if  we  confider, 
we  fhall  eafily  perceive,  this  ice  muft  be  confin- 
ed to  fome  particular  places  ; that  it  is  almoft 
impoflible  that  it  fhould  occupy  the  whole 
circle  which  encompafies,  as  we  fuppofe,  the 
fouthern  continent,  and  therefore  we  fhould 
probably  fucceed  if  we  were  to  dire6t  our 
courfe  towards  fome  other  point  of  this  circle. 
The  defcription  which  Dampier  and  fome 
others  have  given  of  New  Holland,  leads  us  to 
fufpeét  that  this  part  of  the  globe  is  perhaps 
a part  of  the  fouthern  lands,  and  is  a country 
lefs  ancient  than  the  reft  of  this  unknown  con- 
tinent. New  Holland  is  a low  country,  with- 
out water  or  mountains,  but  thinly  inhabited, 
and  the  natives  without  induftiy  ; all  this  con- 
curs to  make  us  think  that  they  are  in  this  con- 
tinent nearly  what  the  favages  of  Amaconia  or 
Paraguais  are  in  America.  We  have  found 
polilhed  men,  empires,  and  kings,  at  Peru 
and  Mexico,  which  are  the  higheft,  and  con- 
fequ.ently  the  mofl>  ancient  countries  of  Ame- 
rica. Savages,  on  the  contrary,  are  found 
in  the  loweft  and  moft  modern  countries  ; 
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therefore  we  may  prefume  that  we  fhould  alfo 
find  men  united  by  the  bands  of  fociety  in  the 
upper  countries,  from  whence  thefe  great  ri- 
vers, which  bring  this  prodigious  ice  to  the 
fea,  derive  their  fources. 

The  interior  parts  of  Africa  are  unknown  to 
us,  almoft  as  much  as  they  were  to  the  ancients  : 
they  had,  like  us,  made  the  tour  of  that  vaft 
peninfula,  but  they  have  left  us  neither  charts, 
nor  defcriptions  of  the  coafts.  Pliny  informs 
us,  that  the  tour  of  Africa  was  made  in  the 
time  of  Alexander  the  Great,  that  the  wrecks 
of  fome  Spanifh  veflels  had  been  difcovered  in 
the  Arabian  fea,  and  that  Hanno,  a Carthage- 
nian  general,  had  made  a voyage  from  Gades 
to  the  Arabian  fea,  and  that  he  had  written  a 
relation  of  it.  Befides  that,  he  fays  Cornelius 
Nepos  tells  us,  that  in  his  time  one  Eudoxus, 
perfecuted  by  the  king  Lathurus,  was  obliged 
to  fly  from  his  country  ; that  departing  from 
the  Arabian  gulph,  he  arrived  at  Gades, 
and  that  before  this  time  they  traded  from 
Spain  to  Ethiopia  by  fea  Notwithftanding 
thefe  teftimonies  of  the  ancients,  we  are  per- 
fuaded  that  they  never  doubled  the  Cape  of 
Good  Hope,  and  the  courfe  which  the  Portu- 

guefe 

* Vide  Pliny,  Hift.  Nat.  Vol.  x,  lib,  2. 
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guefe  took  the  firft  to  go  to  the  Eaft-Indi es,  was 
looked  upon  as  a new  difcovery  ; it  will  not 
perhaps,  therefore,  be  deemed  amifs  to  give  the 
belief  of  the  9th  century  on  this  fubjefl. 

“ In  our  time  an  entire  new  difcovery  has 
been  made,  which  was  wholly  unknown  to 
thofe  who  lived  before  us.  No  one  thought, 
or  even  fufpe&ed,  that  the  fea,  which  extends 
from  India  to  China,  had  a communication 
with  the  Syrian  fea.  We  have  found,  accord- 
ing to  what  I have  learnt,  in  the  fea  Roum,  or 
Mediterranean,  the  wreck  of  an  Arabian  veflel, 
Shattered  to  pieces  by  the  tempeft,  fome  of 
which  were  carried  by  the  wind  and  waves  to 
the  Cozar  fea,  and  from  thence  to  the  Medi- 
terranean, and  was  at  length  thrown  on  the 
coaft  of  Syria.  This  proves  that  the  fea  furr 
rounds  China  and  Cila,  the  extremity  of  Tur- 
quefton,  and  the  country  of  the  Cozars  ; that 
it  afterwards  flows  by  the  ftrait  till  it  has 
waflied  the  coaft  of  Syria.  The  proof  is 
drawn  from  the  conftru&ion  of  the  veflel  ; for 
no  other  veflels  but  thofe  of  Siraf  are  built 
without  nails,  which,  as  was  the  wreck  we 
fpeak  of,  are  joined  together  in  a particular 
manner,  as  if  they  were  fewed.  Thofe,  of  a}l 

the  veflels  of  the  Mediterranean  and  of  the 
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coaft  of  Syria,  are  nailed  and  not  joined  in  this 
manner 

To  this  the  tranflator  of  this  ancient  rela- 
tion adds,— 

“ Abuziel  remarks,  as  a new  and  very  ex- 
traordinary thing,  that  a veil'd  was  carried 
from  the  Indian  fea  and  call  on  the  coafts  of 
Syria.  To  find  a paffage  into  the  Mediterra- 
nean, he  fuppofes  there  is  a great  extent  above 
China,  which  has  a communication  with  the 
Cozar  fea,  that  is,  with  Mufcovia.  The  fea 
which  is  below  Cape  Current,  was  entirely 
unknown  to  the  Arabs,  by  reafon  of  the  ex- 
treme danger  of  the  navigation,  and  from  the 
continent  being  inhabited  by  fuch  a barbarous 
people,  that  it  was  not  eafy  to  fubjedt  them, 
nor  even  to  civilize  them  by  commerce.  From 
the  Cape  of  Good  Hope  to  Soffala,  the  Por- 
tuguefe  found  no  eftablifhed  feulement  of 
Moors,  like  thofe  in  all  the  maritime  towns  as 
far  as  China,  which  was  the  fartheft  place 
known  to  geographers  ; but  they  could  not 
tell  whether  the  Chinefe  fea,  by  the  extremity 
of  Africa,  had  a communication  with  the  fea 
of  Barbary,  and  they  contented  themfelves 

with 

* See  the  ancient  relations  of  travels  by  land  to  China, 
?age  53  and  54. 
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with  defcribing  it  as  far  as  the  coaft  of  Zing, 
or  Caffraria.  This  is  the  reafon  why  we  can- 
not doubt  but  that  the  firft  difcovery  of  the  paf- 
fage  of  this  fea,  by  the  Cape  of  Good  Hope, 
was  made  by  the  Europeans,  under  the  conduct 
of  Vafco  de  Gama,  or  at  leaft  fome  years  be- 
fore he  doubled  the  Cape,  if  it  is  true  there  are 
marine  charts  of  an  older  date,  where  the 
Cape  is  called  by  the  name  of  Frontiera  du 
Africa,  Antonio  Galvan  teftifies,  from  the 
relation  of  Francifco  de  Soufa  Tavares,  that, 
in  1528,  the  Infant  Don  Ferdinand  fhewed 
him  fuch  a chart,  which  he  found  in  the  mo- 
naftery  of  Acoboca,  dated  120  years  before, 
copied  perhaps  from  that  faid  to  be  in  the  trea- 
fury  of  St.  Mark,  at  Venice*  which  alfo  marks 
the  point  of  Africa,  according  to  the  teftimony 
of  Ramufio,  &c.” 

The  ignorance  of  thofe  ages,  on  the  fubje£t 
of  the  navigation  around  Africa,  will  appear 
perhaps  lefs  fingular  than  the  lilence  of  the 
editor  of  this  ancient  relation  on  the  fubjedt  of 
the  partages  of  Herodotus,  Pliny,  &c.  which 
we  have  quoted,  and  which  proves  the  ancients 
had  made  the  tour  of  Africa. 

Be  it  as  it  may,  the  African  coafts  are  now 
well  known  but  whatever  attempts  have  been 
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made  to  penetrate  into  the  inner  parts  of  the 
country,  we  have  not  been  able  to  attain  fuffi- 
cient  knowledge  of  it  to  give  exaét  relations 
It  might,  neverthelefs,  be  of  great  advantage, 
if  we  were,  by  Senegal,  or  fome  other  river,  to 
get  farther  up  the  country  and  eftablifh  fettle- 
ments,  as  we  fhould  find,  according  to  all  ap- 
pearances, a country  as  rich  in  precious  mines 
as  Peru  or  the  Brazils.  It  is  perfectly  known 
that  the  African  rivers  abound  with  gold,  and 
as  this  country  is  very  mountainous,  and  fituat- 
ed  under  the  equator,  it  is  not  to  be  doubted 
but  it  contains,  as  well  as  America,  mines  of 
heavy  metals  and  of  the  moft  compact  and 
hard  ftones. 

The  vaft  extent  of  north  and  eaft  Tartary 
has  only  been  difcovered  in  thefe  latter  times. 
If  the  Mufcovite  maps  are  juft,  we  are  at  pre- 
fent  acquainted  with  the  coafts  of  all  this  part 
of  Afia  ; and  it  appears  that  from  the  point  of 
eaftern  Tartary  to  North  America,  it  is  not 

* Since  this  time,  however,  great  difcoveries  have  been 
made  5 Monf.  Vaillant  has  given  a particular  defcription  of  the 
country  from  the  Cape  to  the  borders  of  CalFraria  $ and  much 
information  has  alfo  been  acquired  by  the  Society  for  Afiatic 
Refearches. 
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more  than  four  or  five  hundred  leagues;  it  has 
even  been  pretended  that  this  trail  was  much 
fhorter,  for  in  the  Amfterdam  Gazette,  of  the 
24th  of  January,  1747,  it  is  faid,  under  the 
article  of  Peterfburgh,  that  Mr.  Stalleravoit 
had  discovered  one  of  thefe  American  iflands 
beyond  Kamfchatka,  and  demonftrated  that  we 
might  go  thither  from  Rufiia  by  a fhorter 
trail.  The  Jefuits,  and  other  miffionaries, 
have  alfo  pretended  to  have  difeovered  favages 
in  Tartary,  whom  they  had  catechifed  in 
America,  which  Should  in  fail  fuppofe  that 
pafiage  to  be  Hill  fhorter  #.  This  author  even 
pretends,  that  the  two  continents  of  the  old 
and  new  world  join  by  the  north,  and  fays,  that 
the  lad  navigations  of  the  Japanefe  afford 
room  to  judge,  that  the  trail  of  which  we  have 
fpoken  is  only  a bay,  above  which  we  may 
pafs  by  land  from  Afia  to  America.  But  this 
requires  confirmation,  for  hitherto  it  has  been 
thought  that  the  continent  of  the  north  pole  is 
feparated  from  the  other  continents,  as  well  as 
that  of  the  fouth  pole. 

Aftronomy  and  Navigation  are  carried  to  fo 
high  a pitch  of  perfeilion,  that  it  may  reafon- 

ably 

* See  the  Hift.  of  New  France,  by  the  Perc  Charlevoi*, 
Viol.  III.  page  30.  and  31. 
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ably  be  expected  we  fhall  foon  have  an  exa£t 
knowledge  of  the  whole  furface  of  the  globe. 
The  ancients  knew  only  a fmall  part  of  it, 
becaufe  they  had  not  the  mariner’s  compafs. 
Some  people  have  pretended  that  the  Arabs 
invented  the  compafs,  and  ufed  it  a long  time 
before  we  did,  to  trade  on  the  Indian  fea,  as  far 
as  China  ; but  this  opinion  has  always  ap- 
peared deftitute  of  all  probability  ; for  there 
is  no  word  in  the  Arab,  Turkifh,  or  Perfian 
languages,  which  fignifies  the  compafs  ; they 
make  ufe  of  the  Italian  word  BofTola  ; they  do 
not  even  at  prefent  know  how  to  make  a com- 
pafs, nor  give  the  magnetical  quality  to  the 
needle,  but  purchafe  them  from  the  Europeans. 
Father  Maritini  fays,  that  the  Chinefe  have 
been  acquainted  with  the  compafs  for  upwards 
of  3000  years  ; but  if  that  was  the  cafe,  how 
comes  it  that  they  have  made  fo  little  ufe  of  it  ? 
Why  did  they,  in  their  voyages  toCochinchina, 
take  a courfe  much  longer  than  was  neceffary  ? 
And  why  did  they  always  confine  themfelves 
to  the  fame  voyages,  the  greateft  of  which 
were  to  Java  and  Sumatra  ? And  why  did  not 
they  difcover,  before  the  Europeans,  an  infinity 
of  fertile  iflands,  bordering  on  their  own  coun- 
try, if  they  had  poffeifed  the  art  of  navigating 
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in  the  open  feas  ? For  a few  years  after  the 
difeovery  of  this  wonderful  property  of  the 
loadftone,  the  Portuguefe  doubled  the  Cape  of 
Good  Hope,  traverfed  the  African  and  Indian 
feas,  and  Chriftopher  Columbus  made  his 
Voyage  to  America. 

By  a little  confideration,  it  was  eafy  to  divine 
there  were  immenfe  fpaces  towards  the  weft  ; 
for,  by  comparing  the  known  part  of  the  globe, 
as  for  example,  the  diftance  of  Spain  to  China, 
and  attending  to  the  revolution  of  the  Earth 
and  Heavens,  it  was  eafy  to  fee  that  there  re- 
mained a much  greater  extent  towards  the  weft 
to  be  difeovered,  than  what  they  were  ac- 
quainted with  towards  the  eaft.  It,  therefore, 
was  not  from  the  defeét  of  aftronomical  know- 
ledge that  the  ancients  ^did  not  find  the  new 
world,  but  only  for  want  of  the  compafs.  The 
partages  of  Plato  and  Ariftotle,  where  they 
fpeak  of  countries  far  diftant  from  the  pillars 
of  Hercules,  feem  to  indicate  that  fome  navi- 
gators had  been  driven  by  tempeft  as  far  as 
America,  from  whence  they  returned  with 
much  difficulty  ; and  it  may  be  conje£tured, 
that  if  even  the  ancients  had  been  perfuaded 
of  the  exiftence  of  this  continent,  they  would 
not  have  even  thought  it  poflible  to  flrike  out 
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the  road,  having  no  guide  nor  any  knowledge 
of  the  compafs. 

I own,  that  it  is  not  impofiible  to  traverfe 
the  high  Teas  without  a compafs,  and  that  very 
refolute  people  might  have  undertaken  tofeek 
after  the  new  world  by  conducing  themfelves 
limply  by  the  liars.  The  Aftrolabe  being 
known  to  the  ancients,  it  might  ftrike  them 
they  could  leave  France  or  Spain,  and  fail 
to  the  weft  by  keeping  the  polar  ftar  always 
to  the  right,  and  by  frequent  foundings 
might  have  kept  nearly  in  the  fame  latitude  ; 
without  doubt  the  Carthagenians,  of  whom 
Ariftotle  makes  mention,  found  the  means  of 
returning  from  thefe  remote  countries,  by 
keeping  the  polar  ftar  to  the  left  ; but  it  muft 
be  allowed  that  a lii^e  voyage  would  be  looked 
upon  as  a ralh  enterprize,  and  that  confe- 
quently  we  muft  not  be  aftonifhed  that  the 
ancients  have  not  even  conceived  the  pro- 
je<3. 

Previous  to  Chriftopher  Columbus’s  expe- 
dition, the  Azores,  the  Canaries,  and  Madeira, 
were  difcovered.  It  was  remarked,  that  when 
the  weft  winds  lafted  a long  time,  the  fea 
brought  pieces  of  foreign  wood  on  the  coaft 
pf  thefe  iilands,  canes  of  unknown  fpecies, 
o:-  and 
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and  even  dead  bodies,  which  by  many  marks 
•were  difcovered  to  be  neither  European  nor 
African.  Columbus  himfelf  remaiked,  that 
on  the  fide  of  the  weft  certain  winds  blew  only 
a few  days,  and  which  he  was  perfuaded  were 
land  winds  ; but  although  he  had  all  thefe  ad- 
vantages over  the  ancients,  and  the  knowledge 
of  the  compafs,  the  difficulties  ftill  to  conquer 
were  fo  great,  that  there  was  only  the  fuccefs 
he  met  with  which  could  juftify  the  enterprife. 
Suppofe,  for  a moment,  that  the  continent  of 
the  new  world  had  been  1000  or  1500  miles 
farther  than  it  in  fa£t  is,  a thing  which  Colum- 
bus could  neither  know  nor  forefee,  he  would 
not  have  arrived  there,  and  perhaps  this  great 
country  might  ftill  have  remained  unknown, 
This  conjecture  is  fo  much  the  better  founded, 
as  Columbus,  although  the  moft  able  navi- 
gator of  his  time,  was  feized  with  fear  and 
affoniftiment  in  his  fécond  voyage  to  the  new 
world  ; for  as  in  his  firft  he  only  found  fome 
îiîands,  he  direSed  his  courfe  more  to  the 
fouth  to  difcover  a continent,  and  was  ftopt  by 
currents,  the  confiderable  extent  and  direction 
of  which  always  oppofed  his  courfe,  and  oblig- 
ed him  to  direét  his  fearch  to  the  weft  ; he 
imagined  that  what  had  hindered  him  from 
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advancing  on  the  fouthern  fide  was  not  cur- 
rents, but  that  the  fea  flowed  by  raifing  itfelf 
towards  the  heavens,  and  that  perhaps  both  one 
and  the  other  touched  on  the  fouthern  fide. 
True  it  is,  that  in  great  enterprifes  the  leaft 
unfortunate  circumftance  may  turn  a man’s 
brain,  and  abate  his  courage. 


ARTICLE  VII. 

ON  THE  PRODUCTION  OF  THE  STRATA,  OR  BEDS 
OF  EARTH. 


wE  have  lhewn,  in  the  firfl  article,  that  by- 
virtue  of  the  mutual  attra£lion  between 
the  parts  of  matter,  and  of  the  centrifugal 
force,  which  refults  from  its  diurnal  rotation, 
the  earth  has  neceffariiy  taken  the  form  of  a 
fpheroid,  the  diameters  of  which  differ  about  a 
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230th  part,  and  that  it  could  only  proceed 
from  the  changes  on  the  furface,  caufed  by  the 
motion  of  the  air  and  water,  that  this  differ- 
ence could  become  greater,  as  is  pretended  to 
be  the  cafe  from  the  meafures  taken  under  the 
equator,  and  within  the  polar  circle.  This 
figure  of  the  Earth,  which  fo  well  agrees  with 
hydroftatical  laws,  and  with  our  theory,  fup- 
pofes  the  globe  to  have  been  in  a ftate  of  lique- 
fadtion  when  it  affumed  its  form,  and  we  have 
proved  that  the  motion  of  projedtion  and  ro- 
tation were  imprinted  at  the  fame  time  by  a 
like  impulfion.  We  fhall  the  more  eafily  be- 
lieve that  the  earth  has  been  in  a ftate  of  lique^ 
fadtion  produced  by  fire,  when  we  confiderthe 
nature  of  the  matters  which  the  globe  inclofes, 
the  greateft  part  of  which  are  vitrified  or  vi- 
trifiable  ; efpecially  when  we  refledl  on  the  im- 
poftibility  there  is  that  the  earth  fhould  ever 
have  been  in  a ftate  of  fluidity,  produced  by 
the  waters;  fince  there  is  infinitely  more  earth 
than  water,  and  that  water  has  not  the  power 
of  diffolving  ftone,  fand,  and  other  matters  of 
which  the  earth  is  compofed. 

It  is  plain  then  that  the  earth  took  its  figure 
at  the  time  when  it  was  liquefied  by  fire  : by 
purfuing  our  hypothefis  it  appears,  that  when 
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the  fun  quitted  it,  the  earth  had  no  other  form 
than  that  of  a torrent  of  melted  and  inflamed 
vapour  matter;  that  this  torrent  collected  itfelf 
by  the  mutual  attraction  of  its  parts,  and  be- 
came a globe,  to  which  the  rotative  motion 
gave  the  figure  of  a fpheroid  ; and  when  the 
earth  was  cooled,  the  vapours,  which  were  firft 
extended  like  the  tails  of  comets,  by  degrees 
condenfed  and  fell  upon  the  furface,  depofiting, 
at  the  fame  time,  a flimy  fubftance  mixed  with 
fulphurous  and  faline  matters,  a part  of  which, 
by  the  motion  of  the  waters,  was  fwept  into 
the  perpendicular  cracks  where  it  produced 
metals,  while  the  reft  remained  on  the  furface, 
and  produced  that  reddifh  earth  which  forms 
the  firft  ftrata  ; and  which,  according  to  dif- 
ferent places,  is  more  or  lefs  blended  with 
animal  vegetable  particles,  fo  reduced  that  the 
organization  is  no  longer  perceptible. 

Therefore,  in  the  firft  ftate  of  the  earth,  the 
globe  was  internally  compofed  of  vitrified  mat- 
ter, as  I believe  it  is  at  prefent,  above  which 
were  placed  thofe  bodies  the  fire  had  moft 
divided,  as  fand,  which  are  only  fragments  of 
glafs,  and  above  thefe  pumice  ftones,  and  the 
fcoria  of  the  vitrified  matter,  which  formed  the 
various  clays  ; the  whole  wras  covered  with 
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water  5 or  6co  feet  deep,  produced  by  the 
condensation  of  the  vapours  when  the  globe 
began  to  cool.  This  water  every  where  de- 
posited a muddy  bed  mixed  with  matters  which 
fublime  and  exhale  by  the  fire  ; and  the  air 
was  formed  of  the  moft  fubtile  vapours  which, 
by  their  lightnefs,  difengaged  themfelves  from 
the  waters  and  furmounted  them. 

Such  was  the  State  of  the  globe  when  the 
a£Hon  of  the  tides,  the  winds  and  the  heat  of 
the  fun,  began  to  change  the  Surface  of  the 
earth.  The  diurnal  motion,  and  the  flux  and 
reflux,  at  firft  raifed  the  waters  under  the 
Southern  climate,  which  carried  with  them 
mud,  clay,  and  fand,  and  by  raifing  the  parts  of 
the  equator,  they  by  degrees  perhaps  lowered 
thofe  of  the  poles  about  two  leagues,  as  we  be- 
fore mentioned  ; for  the  waters  foon  reduced 
into  powder  the  pumice  ftones  and  other  fpon- 
geous  parts  of  the  vitrified  matter  that  were  at 
the  Surface,  they  hollowed  fome  places,  and 
raifed  others,  which  in  courfe  of  time  became 
continents,  and  produced  all  the  inequali- 
ties, and  which  are  more  considerable  towards 
the  equator  than  the  poles  ; for  the  higheft 
mountains  are  between  the  tropics  and  the 

middle  of  the  temperate  zones,  and  the  lowed 

are 
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are  from  the  polar  circle  to  the  poles;  between 
the  tropics  are  the  Cordeliers,  and  almod  all 
the  mountains  of  Mexico  and  Brazil,  the  great 
and  little  Atlas,  the  Moon,  &c.  Befide  the 
land  which  is  between  the  tropics,  from  the 
fuperior  number  of  iflands  found  in  thofe  parts, 
is  the  mod  unequal  of  all  the  globe,  as  evi- 
dently is  the  fea. 

However  independent  my  theory  may  be  of 
that  hypothefis  of  what  pad  at  the  time  of  the 
fird  date  of  the  globe,  I refer  to  it  in  this 
article,  in  order  to  (heW  the  connexion  and 
podibility  of  the  fydem  which  I endeavoured 
to  maintain  in  the  fird  article.  It  mud  only 
be  remarked,  that  my  theory  does  not  dray  far 
from  it,  as  I take  the  earth  in  a date  nearly 
fimilar  to  what  it  appears  at  prefent,  and  as  I 
do  not  make  ufe  of  ,any  of  the  fuppofitions 
which  are  ufed  in  reafoning  on  the  pad  date 
of  the  terredrial  globe.  But  as  I here  prefent  a 
new  idea  on  the  fubjeét  of  the  fediment  depo- 
fited  by  the  water,  which,  in  my  opinion,  has 
perforated  the  upper  bed  of  earth,  it  appears  to 
me  alfo  neceflary  to  give  the  reafon  on  which 
I found  this  opinion. 

The  vapours  which  rife  in  the  air  produce 
rain,  dew,  aerial  fires,  thunder,  and  other 
B b 2 meteors. 
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meteors.  Thefe  vapours  are  therefore  blended 
with  aqueous,  aerial,  fulphurous  and  terreftrial 
particles,  &c.  and  it  is  the  folid  and  earthy 
particles  which  form  the  mud  or  flime  we  are 
now  fpeakingof.  When  rain  water  is  fuffered  to 
<reft,  a fediment  is  formed  at  bottom  ; and  hav- 
ing colleâed  a quantity,  if  it  is  fuffered  to  ftand 
and  corrupt,  it  produces  a kind  of  mud  which 
falls  to  the  bottom  of  the  veflel.  Dew  produces 
much  more  of  this  mud  than  rain  water,  which 
is  greafy,  un£tious,  and  of  a reddifh  colour. 

The  firffc  ftrata  of  the  earth  is  compofed  of 
this  mud  mixed  with  perifhed  vegetable  or  ani- 
mal parts,  or  rather  ftony  and  fandy  particles. 
We  may  remark  that  almoftall  land  proper  for 
cultivation  is  reddifh,  and  more  or  lefs  mixed 
with  thefe  different  matters  ; the  particles  of 
fand  or  ftone  found  there  are  of  two  kinds,  the 
one  coarfe  and  heavy,  the  other  fine  and  fome- 
times  impalpable.  The  largeft  comes  from 
the  lower  ftrata  loofened  in  cultivating  the 
earth,  or  rather  the  upper  mould,  by  penetrat- 
ing into  the  lower,  which  is  of  fand  and  other 
divided  matters,  and  forms  thofe  earths  we  call 
fat  and  fertile.  The  finer  fort  proceeds  from 
the  air,  and  falls  with  dew  and  rain,  and  mixes 
intimately  with  the  foil.  This  is  properly 
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the  refidue  of  the  powder  which  the  wind  con- 
tinually raifes  from  the  furface  of  the  earth, 
and  which  falls  again  after  having  imbibed 
the  humidity  of  the  air.  When  the  earth  pre- 
dominates, and  the  ftony  and  fandy  parts  are 
but  few,  the  earth  is  then  reddifh  and  fertile  : 
if  it  is  mixed  with  a confiderable  quantity  of 
perilhed  animal  or  vegetable  fubftances,  it  is 
blackifh,  and  often  more  fertile  than  the  firft  ; 
but  if  the  mould  is  only  in  a fmall  quantity, 
as  well  as  the  animal  or  vegetable  parts,  the 
earth  is  white  and  fterile,  and  when  the  fandy, 
ftony,  or  cretaceous  parts  which  compofe  thefe 
fterile  lands,  are  mixed  with  a fufficient  quan- 
tity of  perifhed  animal  or  vegetable  fubftances, 
they  form  the  black  and  lighter  earths,  but 
have  little  fertility  ; fo  that  according  to  the 
different  combinations  of  thefe  three  different 
matters,  the  land  is  more  or  lefs  fecund  and 
differently  coloured. 

To  fix  fome  ideas  relative  to  thefe  ftratas  ; 
let  us  take,  for  example,  the  earth  of  Marl y-la- 
ville,  where  the  pits  are  very  deep  : it  is  a high 
country,  but  flat  and  fertile,  and  its  ftrata  lie 
arranged  horizontally.  I had  famples  brought 
me  of  all  thefe  ftrata  which  M.  Dalibard,  an 
able  Botanift,  verfed  in  different  fciences,  had 
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dug  under  his  infpedtion  ; and  after  having 
proved  the  matters  of  which  they  confided  in 
aquafortis,  I formed  the  following  table  of 
them. 

The  date  of  the  different  beds  of  earth,  found 
at  Marly-la- Ville,  to  the  depth  of  100  feet. 

Feet.  I11. 

i.  A free  reddifh  earth,  mixed  with 
much  mud,  a very  fmall  quantity  of 
vitridable  fand,  and  fomewhat  more  of 


calcinable  fand  ------  13  o 

2.  A free  earth  mixed  with  gravel, 
and  a little  more  vitridable  fand  - - 2 6 


3.  Mud  mixed  with  vitridable  fand 

in  a great  quantity,  and  which  made 
but  very  little  effervefcence  with  aqua- 
fortis ---------  3° 

4.  Hard  marl,  which  made  a very 

great  effervefcence  with  aquafortis  - 20 

5.  Pretty  hard  marly  done  - 4 o 

6.  Marl  in  powder,  mixed  with  vi- 
tridable fand  - --  --  --  50 

7.  Very  dne  vitrified  fand  - - - 16 

8.  Marl  very  like  earth  mixed  with 

a very  little  vitridable  fand  - - - 36 

- 3+  6 


Carried  over 


NATURAL  HISTORY. 


19  I 
Feet.  In. 

Brought  over  - - - - - - - 34  6 

9.  Hard  marl,  in  which  was  real 

flint  ----------  3 6 

10.  Gravel,  or  powdered  marl  - 10 

1 1 . Eglantine,  a (tone  of  the  grain 

and  hardnefs  of  marble,  and  fonorous  1 6 

12.  Marly  gravel  ------  1 6 

13.  Marl  in  hard  ftone,  whofe  grain 

was  very  fine  - --  --  --  16 

14.  Marl  in  ftone,  whofe  grain  was 

not  fo  fine  - --  --  --  - 16 

15.  More  grained  and  thicker  marl  2 6 

3 6.  Very  fine  verifiable  fand,  mixed 

with  foffil  fea-lhells,  which  had  no  ad- 
herence with  the  fand,  and  whofe  co- 
lours were  perfect  -------  1 6 

17.  Very  fmall  gravel,  or  fine  marl 

powder  - --  --  --  --  2 0 

18.  Marl  in  hard  ftone  ----36 

19.  Very  coarfe  powdered  marl  - 16 

20.  Hard  and  calcinable  ftone,  like 

marble  - --  --  --  --  10 

21.  Grey  vitrifiable  fand  mixed  with 
foffil  fhells,  particularly  oyfters  and 
mufcles,  which  have  no  adherence 

Carried  over  - <7  o 
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Brought  over  - - - - . - 57  0 

with  the  fand,  and  which  were  not  pe- 
trified ---  -----  - go 

22.  White  verifiable  fand  mixed 

with  fimilar  fhells  ------  20 

23.  Sand  flreaked  red  and  white, 

vitrifiable  and  mixed  with  the  like 
fhells  - --  --  --  --  --10 

24.  Larger  fand,  but  ftill  vitrifiable 

and  mixed  with  the  like  lhells  - - 1 o 

25.  Fine  and  vitrifiable  grey  fand 
mixed  with  the  like  lhells  ---*86 

26.  Very  fine  fat  fand,  with  only  a 

few  fhells  - --  --  --  - 30 

27.  Brown  free  ftone  - - - - 30 

28.  Vitrifiable  fand,  llreaked  red 

and  white  - --  --  --  - 40 

29.  White  vitrifiable  fand  3 6 

30.  Reddilh  vitrifiable  fand  - - 15  o 

Total  depth  - - -101  o 


I have  before  faidthat  I tried  all  thefe  matters 
in  aquafortis,  becaufe  where  the  infpe£tion 
and  comparifon  of  matters  with  others  that  we 
are  acquainted  with  is  not  fufficient  to  permit 

us 
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us  to  denominate  and  range  them  in  the  clafs 
which  they  belong,  there  is  no  means  more 
ready,  nor  perhaps  more  fure,  than  to  try  by 
aquafortis  the  terredrial  or  lapidific  matter: 
thofe  which  acid  fpirits  difiolve  immediately 
with  heat  and  ebullition  are  generally  calcinable, 
and  thofe  on  which  they  make  no  impreffion 
are  vitrifiable. 

By  this  enumeration  we  perceive,  that  the 
foil  of  Marly-la- Ville  was  formerly  the  bot-# 
tom  of  the  fea,  which  has  been  raifed  above 
75  feet,  fince  we  find  fhells  at  that  depth  be- 
low the  furface.  Thofe  fhells  have  been 
tranfported  by  the  motion  of  the  water,  at  the 
fame  time  as  the  fand  in  which  they  are  met 
with,  and  the  whole  of  the  upper  drata,  even 
to  the  fird,  have  been  tranfported  after  the 
fame  manner  by  the  motion  of  the  water,  and 
depofited  in  form  of  a fediment  ; which  we 
cannot  doubt,  as  well  by  reafon  of  their  hori- 
zontal pofition,  as  of  the  different  beds  of  fand 
mixed  with  (hells  and  marl,  the  lad  of  which 
are  only  the  fragments  of  (hells.  The  lad 
dratum  itfelf  has  been  formed  almod  entirely 
by  the  mould  we  have  fpoken  of,  mixed  with 
a fmall  part  of  the  marl  which  was  at  the 
furface. 

C c 
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I have  chofen  this  example,  as  the  mod  dis- 
advantageous to  my  theory,  becaufe  it  at  firfl 
appears  very  difficult  to  conceive  that  the  dull 
of  the  air,  rain  and  dew,  could  produce  flrata 
of  free  earth  thirteen  feet  thick  ; but  it  ought 
to  be  obferved,  that  it  is  very  rare  to  find,  efpe- 
cially  in  high  lands,  fo  confiderable  a thicknefs 
of  cultivateable  earth  it  is  generally  about 
three  or  four  feet,  and  often  not  more  than  one. 

,In  plains  Surrounded  with  hills,  this  thicknefs 
of  good  earth  is  the  greateft,  becaufe  the  rain 
loofens  the  earth  of  the  hills,  and  carries  it 
into  the  vallies  ; but  without  fuppofing  any 
thing  of  that  kind,  I find  that  the  laft  ftrata 
formed  by  the  waters  are  thick  beds  of  marl. 
It  is  natural  to  imagine  that  the  upper  ftratum 
had,  at  the  beginning,  a {till  greater  thicks 
nefs,  befides  the  thirteen  feet  of  marl,  when 
the  fea  quitted  the  land  and  left  it  naked. 
This  marl,  expofed  to  the  air,  melted  with 
the  rain  ; the  a£tion  of  the  air  and  heat  of  the 
fun  produced  flaws,  and  reduced  it  into  powder 
on  the  lurface  ; the  fea  would  not  quit  this 
land  precipitately,  but  fometimes  cover  it,  either 
by  the  alternative  motion  of  the  tides,  or  by 
the  extraordinary  elevation  of  the  waters  in  foul 
weather,  when  it  mixed  with  this  bed  of  marl, 

mud. 
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mud,  clay,  and  other  matters.  When  the 
land  was  raifed  above  the  waters,  plants  would 
begin  to  grow,  and  it  was  then  that  the  duft  in 
the  rain  or  dew  by  degrees  added  to  its  fubftance 
and  gave  it  a reddifh  colour;  this  thicknefs  and 
fertility  was  foon  augmented  by  culture  ; by 
digging  and  dividing  its  furface,  and  thus  giv- 
ing to  the  duft,  in  the  dew  or  rain,  the  facility 
of  more  deeply  penetrating  it,  which  at  laft 
produced  that  bed  of  free  earth  thirteen  feet 
thick. 

I fhall  not  here  examine  whether  the  reddifti 
colour  of  vegetable  earth  proceeds  from  the 
iron  which  is  contained  in  the  earths  that  are 
depofited  by  the  rains  and  dews,  but  being  of 
importance,  fhall  take  notice  of  it  when  we 
come  to  treat  of  minerals  ; it  is  fufficient  to 
have  explained  our  conception  of  the  forma- 
tion of  the  fuperficial  ftrata  of  the  earth,  and 
by  other  examples  we  fhall  prove,  that  the  for- 
mation of  the  interior  ftrata,  can  only  be  the 
work  of  the  waters. 

The  furface  of  the  globe,  fays  Woodward, 
this  external  ftratum  on  which  men  and  animals 
walk,  which  ferves  as  a magazine  for  the  for- 
mation of  vegetables  and  animals,  is,  for  the 
greateft  part,  compofed  of  vegetable  or  animal 
Cc  2 matter, 
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matter,  and  is  in  continual  motion  and  vari- 
ation. All  animals  and  vegetables  which  have 
exifted  from  the  creation  of  the  world,  have 
fucceffively  extradted  from  this  ftratum  the 
matter  which  compofes  it,  and  have,  after  their 
deaths,  reftored  to  it  this  borrowed  matter  : it 
remains  there  always  ready  to  be  retaken,  and 
to  ferve  for  the  formation  of  other  bodies  of 
the  fame  fpecies  fucceffively,  for  the  matter 
which  compofes  one  body  is  proper  and  natural 
to  form  another  body  of  the  fame  kind.  In  un- 
inhabited countries,  where  the  woods  are  never 
cut,  where  animals  do  not  brouze  on  the 
plants,  this  ftratum  of  vegetable  earth  increafes 
confiderably.  In  all  woods,  even  in  thofe 
which  are  fometimes  cut,  there  is  a bed  of 
mould,  of  fix  or  eight  inches  thick,  formed 
entirely  by  the  leaves,  fmall  branches,  and 
barks  which  have  perifhed.  I have  often  obferv- 
ed  on  the  ancient  Roman  way,  which  erodes 
Burgundy  in  a long  extent  of  foil,  that  there 
is  formed  a bed  of  black  earth  more  than  a 
foot  thick  upon  the  ftones,  which  nourifhes 
very  high  trees  ; and  this  ftratum  could  be 
compofed  only  of  a black  mould  formed  by  the 
leaves,  bark,  and  perifhed  wood.  As  vege- 
tables inhale  for  their  nutriment  much  more 

from 


NATURAL  HISTORY.  I97 

from  the  air  and  water  than  the  earth,  it  hap- 
pens that  when  they  perifh,  they  return  to  the 
earth  more  than  they  have  taken  from  it.  Be- 
fides,  forefts  collefl:  the  rain  water,  and  by 
flopping  the  vapours  increafe  their  moifture  ; 
fo  in  a wood  which  is  preferved  a long  time., 
the  ftratum  of  earth  which  ferves  for  vegetation 
increafes  confiderably.  But  animals  reftoring 
lefs  to  the  earth  than  they  take  from  it,  and 
men  making  enormous  confumption  of  wood 
and  plants  for  fire  and  other  ufes,  it  follows  that 
the  vegetable  foil  of  inhabited  countries  mud 
diminifh,  and  become,  in  time,  like  the  foil  of 
Arabia,  Petrea,  and  other  eaftern  provinces, 
which,  in  fa£t,  are  the  mod  ancient  inhabited 
countries,  where  only  fand  and  fait  is  now  to 
be  met  with  ; for  the  fixed  faits  of  plants  and 
animals  remain,  whereas  all  the  other  parts  vo^ 
latilife,  and  are  tranfported  by  the  air. 

Let  us  now  examine  the  polition  and  for- 
mation of  the  interior  ftrata  : the  earth,  fays 
W oodward,  appears  in  places  that  have  been 
dug,  compofed  of  ftrata  placed  one  on  the 
other,  as  fo  many  fediments  which  neceflarily 
fell  to  the  bottom  of  the  water  ; the  deepeft 
ftrata  are  generally  the  thickeft,  and  thofe 
above  the  thinneft,  and  fo  gradually  leflening  to 
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the  furface.  We  find  fea  /hells,  teeth,  and 
bones  of  fi/h  in  thefe  different  beds,  and  not 
only  in  thofe  that  are  foft,  as  chalk  and  clay, 
but  even  in  thofe  of  hard  ftone,  marble,  &c. 
Thefe  marine  productions  are  incorporated 
with  the  ftone,  and  when  feparated  from  them, 
leave  the  impreflions  of  the  /hells  with  the 
greateft  exaCtnefs.  “ I have  been  moft  clearly 
and  pofitively  affured, ” fays  this  author,  “ that 
in  France,  Flanders,  Holland,  Spain,  Italy, 
Germany,  Denmark,  Norway,  and  Sweden, 
ftone,  and  other  terreftrial  fubftances  are  dif- 
pofed  in  ftrata,  precifely  the  fame  as  they  are 
in  England  ; that  thefe  ftrata  are  divided  by 
parallel  fiffures  ; that  there  are  inclofed  within 
ftones  and  other  terreftrial  and  compaCt  fub~ 
ftances,  a great  quantity  of  /hells  and  other 
productions  of  the  fea,  difpofed  in  the  fame 
manner  as  in  this  I/land.  I am  alfo  informed 
that  thefe  ftrata  are  found  the  fame  in  Barbary, 
Egypt,  Guinea,  and  in  other  parts  of  Africa  ; 
in  Arabia,  Syria,  Perfia,  Malabar,  China,  and 
the  reft  of  the  provinces  of  Afia  ; in  Jamaica, 
Barbadoes,  Virginia,  New-England,  Brazil, 
and  other  parts  of  America 

This 

* Eflay  on  the  Natural  Hiftory  of  the  Earth,  p*ge  40,  41* 
42,  & c. 


NATURAL  HISTORY. 


I99 


This  author  does  not  fay  how  he  learnt,  or 
by  whom  he  was  told,  that  the  ftrata  of  Peru 
contained  fhells  ; yet  as  in  general  his  obfer- 
vations  are  exaft,  I do  not  doubt  but  he  was 
well  informed  ; and  am  perfuaded  that  fhells 
may  be  found  in  the  earth  of  Peru,  as  well  as 
elfewhere.  This  remark  is  made  from  a doubt 
having  been  formed  feme  time  fmce  on  the 
fubje£t,  and  which  I fhall  hereafter  confider. 

In  a trench  made  at  Amfterdam,  to  the  depth 
of  230  feet,  the  ftrata  were  found  as  follows  : 

7 feet  of  vegetable  earth,  9 of  turf,  9 of  foft 
clay,  8 of  fand,  4 of  earth,  10  of  clay,  4 of 
earth,  10  of  fand,  then  2 feet  clay,  4 of  white 
fand,  5 of  dry  earth,  1 of  foft  earth,  14  of  fand, 

8 of  argil,  mixed  with  earth;  4 of  fand,  mixed 
with  fhells  ; then  clay  102  feet  thick,  and  at 
laft  31  feet  of  fand,  at  which  depth  they  ceafed 
digging  *. 

It  is  very  fingular  to  dig  fo  deep  without 
meeting  with  water:  and  this  circumftance  is 
remarkable  in  many  particulars.  1.  It  fhews, 
that  the  water  of  the  fea  does  not  communicate 
with  the  interior  part  of  the  earth,  by  means 
of  filtration.  2.  That  fhells  are  found  at  the 
depth  of  100  feet  below  the  furface,  and  that 

consequently 

* Sec  Varennii,  Geograph.  General,  page  46. 
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confequently  the  foil  of  Holland  has  been  raifed 
ioo  feet  by  the  fediment  of  the  fea.  3.  We 
may  draw  an  induction,  that  this  ftrata  of  thick 
clay  of  102  feet,  and  the  bed  of  fand  below  it, 
in  which  they  dug  to  31  feet,  and  whofe  entire 
thicknefs  is  unknown,  are  perhaps  not  very  far 
diftant  from  the  firft  ftrata  of  the  original  earth, 
fuch  .as  it  was  before  the  motion  of  the  water 
had  changed  its  furface.  We  have  faid  in  the 
firft  article,  that  if  we  defired  to  find  the  ancient 
earth,  we  fhould  dig  in  the  northern  countries, 
-rather  than  towards  the  fouth  ; in  plains,  rather 
than  in  mountainous  regions.  The  circum- 
ftances  in  this  inftance,  appear  to  be  nearly  fo, 
only  it  is  to  be  wifhed  they  had  continued  the 
digging  to  a greater  depth,  and  that  the  author 
had  informed  us,  whether  there  were  not  fhells 
and  other  marine  productions,  in  the  laft  bed  of 
clay,  and  in  that  of  fand  below  it.  The  expe- 
riment confirms  what  we  have  already  faid  ; 
and  the  more  we  dig,  the  greater  thicknefs  we 
lhall  find  the  ftrata. 

The  earth  is  compofed  of  parallel  and  hori- 
zontal beds,  not  only  in  plains,  but  hills  and 
mountains  are  in  general  compofed  after  the 
fame  manner  : it  may  be  faid,  that  the  ftrata 
in  hills  and  mountains  are  more  apparent  there 

than 
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than  in  the  plains,  becaufe  the  plains  are  ge- 
nerally covered  with  a very  confiderable  quan- 
tity of  fand  and  earth,  which  the  water  has 
brought  from  the  higher  grounds,  and  there- 
fore, to  find  the  ancient  ftrata,  we  mu  ft  dig 
deeper  in  the  plains  than  in  the  mountains. 

I have  often  obferved,  that  when  a mountain 
is  level  at  its  fummit,  the  ftrata,  which  com- 
pofe  it  are  alfo  level  ; but  if  the  fummit  is  not 
placed  horizontally,  the  ftrata  inclines  alfo  in 
the  fame  direction.  I have  heard  that,  in  ge- 
neral the  beds  of  quarries  inclined  a little  to 
the  eaft,  but  having  myfelf  obferved  all  the 
chains  of  rocks  which  offered,  I difcovered  this 
opinion  to  be  erroneous,  and  that  the  ftrata 
inclines  to  the  fame  fide  as  the  hill,  whether  it 
be  eaft,  weft,  north,  or  fonth.  When  we  dig 
ftone  and  marble  from  the  quarry,  we  take 
great  care  to  feparate  them  according  to  their 
natural  pofition,  and  we  cannot  even  get  them 
of  a large  fize,  if  we  cut  them  in  any  other 
direction.  Where  they  are  made  ufe  of  for 
good  mafonry,  the  workmen  are  particular  in 
placing  them  as  they  flood  in  the  quarry,  for 
if  they  were  placed  in  any  other  direétion,  they 
would  fplit,  and  would  not  refift  the  weight 
with  which  they  are  loaded.  This  perfeélly 
vol.  i.  D d confirms 
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confirms  that  ftones  are  found  in  parallel  and 
horizontal  ftrata,  which  have  been  fuccefiively 
heaped  one  on  the  other,  and  that  thefe  ftrata 
compofed  maffes  where  refiftance  is  greater  in 
that  direction  than  in  any  other. 

Every  ftrata,  whether  horizontal  or  inclined, 
has  an  equal  thicknefs  throughout  its  whole 
extent.  In  the  quarries  about  Paris,  the  bed  of 
good  ftone  is  not  thick,  fcarcely  more  than  18 
or  20  feet  : in  thofe  of  Burgundy  the  ftone  is 
much  thicker.  It  is  the  fame  with  marble; 
the  black  and  white  marble  have  a thicker  bed 
than  the  coloured  ; and  I know  beds  of  very 
hard  ftone,  which  the  \ farmers  in  Burgundy 
make  ufe  of  to  cover  their  houfes,  that  are  not 
above  an  inch  thick.  The  different  ftrata  vary 
much  in  thicknefs,  but  each  bed  preferves  the 
fame  thicknefs  throughout  its  extent.  The 
thicknefs  of  ftrata  is  fo  greatly  varied,  that  it  is 
found  from  lefs  than  a line  to  i,  io,  20,  30,  or 
100  feet  thick.  The  ancient  and  modern 
quarries,  which  are  horizontally  dug,  the  per- 
pendicular and  other  divifions  of  mines,  prove 
that  there  are  extenfive  ftrata  in  all  direftions. 
“ It  is  thoroughly  proved,”  fays  the  hiftorian 
of  the  academy,  “ that  all  ftones  have  for- 
merly been  a foft  parte,  and  as  there  are 
' quarries 
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quarries  almofl  in  every  part,  the  furface  of 
the  earth  has  therefore  confided,  in  all  thefe 
places,  of  mud  and  flime,  at  lead  to  certain 
depths.  The  (hells  found  in  mod  quarries 
prove  that  this  mud  was  an  earth  diluted  by  the 
water  of  the  fea,  and  confequently  that  the 
fea  covered  all  thefe  places  ; and  it  could  not 
cover  them  without  alfo  covering  all  that  was 
level  with  or  lower  than  it  : and  it  is  plain 
that  it  could  not  cover  every  place  where  there 
were  quarries,  without  covering  the  whole  face 
of  the  terredrial  globe.  We  do  not  here  con- 
fider  the  mountains  which  the  fea  mu  ft  alfo 
at  one  time  have  covered,  fince  quarries  and 
(hells  are  often  found  in  them. 

**  The  fea,”  continues  he,  “ therefore,  co- 
vered the  whole  earth,  and  from  thence  it  pro- 
ceeds that  all  the  beds  of  (lone  in  the  plains  are 
horizontal  and  parallel  : fifti  muft  have  alfo 
been  the  mod  ancient  inhabitants  of  the  globe, 
as  there  was  no  fudenance  for  either  birds  or 
terredrial  animals.  But  how  did  the  fea  re- 
tire into  thefe  vad  bafons  which  it  at  prefent 
occupies  ? What  prefents  itfelf  the  mod  na- 
tural to  the  mind  is,  that  the  earth,  at  lead  at 
a certain  depth,  was  not  entirely  folid,  but  in- 
termixed with  fome  great  vacuums,  whofe 
D d 2 vaults 
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vaults  were  fupported  for  a time,  but  at  length 
funk  in  fuddenly  : then  the  waters  muft  have 
fallen  into  thefe  vacancies,  filled  them,  and  left 
naked  a part  of  the  earth’s  furface,  which  be- 
came an  agreeable  abode  to  terreftrial  animals 
and  birds.  The  fhells  found  in  quarries  per- 
fectly agree  with  this  idea,  for  only  the  bony 
parts  of  fifli  could  be  preferved  till  now.  In 
general,  fhells  are  heaped  up  in  great  abun- 
dance in  certain  parts  of  the  fea,  where  they 
are  immoveable,  and  form  a kind  of  rock,  and 
could  not  follow  the  water,  which  fuddenly 
forfook  them  : this  is  the  reafon  that  we  find 
more  fhells  than  bones  of  the  fifh,  and  this 
even  proves  a fudden  fall  of  the  fea  into  its  pre- 
fent  bafons.  At  the  fame  time  as  our  fuppofed 
vaults  gave  way,  it  is  very  poflible  that  other 
parts  of  the  globe  were  raifed  by  the  fame 
caufe,  and  that  mountains  were  placed  on  this 
furface  with  quarries  already  formed,  but  the 
beds  of  thefe  quarries  could  not  preferve  the 
horizontal  diredion  they  before  had,  unlefs  the 
mountains  were  raifed  precifely  perpendicular 
to  the  furface  of  the  earth,  which  could  happen 
but  very  feldom:  fo  alfo,  as  we  have  already 
obferved,  in  1705,  the  beds  of  {tone  in  moun- 
tains are  always  inclined  to  the  horizon,  though 

parallel 
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parallel  with  each  other  ; for  they  have  not 
changed  their  pofition  with  refped  to  each 
other,  but  only  with  refped  to  the  furface  of 
the  earth 

Thefe  parallel  ftrata,  thefe  beds  of  earth 
and  flone,  which  have  been  formed  by  the  fe- 
diment  of  the  fea,  often  extend  to  conliderable 
diftances,  and  we  often  find  in  hills,  feparated 
by  a valley,  the  fame  beds,  and  the  fame  mat- 
ters at  the  fame  level.  This  obfervation 
agrees  perfectly  with  that  of  the  height  of  the 
oppofite  hills.  We  may  eafily  be  allured  of 
the  truth  of  thefe  fads,  for  in  all  narrow  vai- 
lles, where  rocks  are  difcovered,  we  (hall 
find  the  fame  beds  of  ftone  and  marble  on 
both  fides  at  the  fame  height.  In  a country 
where  I frequently  refide,  I found  a quarry 
of  marble  which  extended  more  than  1 2 leagues 
in  length,  and  whofe  breadth  was  very  con- 
fiderable,  although  I have  never  been  able 
precifely  to  determine  it.  I have  often  obferved 
that  this  bed  qf  marble  is  throughout  of  the 
fame  thicknefs,  and  in  hills  divided  from  this 
quarry  by  a valley  of  1 00  feet  depth,  and  a quar- 
ter of  a mile  in  breadth,  I found  the  fame  bed 
of  marble  at  the  fame  height.  I am  perfuaded 

it 


* See  the  Mem.  of  the  Acad.  1716,  page  14. 
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it  is  the  fame  in  every  ftone  and  marble  quarry, 
where  {hells  are  found  ; but  this  obfervation 
does  not  hold  good  in  quarries  of  free  ftone. 
In  the  courfe  of  this  work,  we  {hall  give  rea- 
fons  for  this  difference,  and  defcribe  why  free- 
ftone  is  not  difperfed,  like  other  matters,  in 
horizontal  beds,  and  why  it  is  in  irregular 
blocks,  both  in  form  and  pofition. 

We  have  likewife  obferved,  that  the  ftrata 

i 

are  the  fame  on  both  fides  the  ftraits  of  the  fea. 
This  obfervation,  which  is  important,  may  lead 
us  to  difcover  the  lands  and  iflands  which  have 
been  feparated  from  the  continent  ; it  proves, 
for  example,  that  England  has  been  divided 
from  France;  Spain  from  Africa  ; Sicily  from 
Italy,  and  it  is  to  be  wiftied  that  the  fame  ob- 
fervation had  been  made  in  all  the  ftraits.  I am 
perfuaded  that  we  Ihould  find  it  almoft  every 
where  true.  We  do  not  know  whether  the 
fame  beds  of  ftone  are  found  at  the  fame 
height  on  both  fides  the  ftraits  of  Magellan, 
which  is  the  longeft  ; but  we  fee,  by  the  parti- 
cular maps  and  exaét  charts,  that  the  two  high 
coafts  which  confine  it,  form  nearly,  like  the 
mountains  of  the  earth,  correfpondent  angles, 
which  alfo  proves  that  the  Terra  del  Fuega, 
muft  be  regarded  as  part  of  the  continent  of 

America  ; 
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America;  it  is  the  fame  with  Forbifher’s  Strait 
and  the  ifland  of  Friefland,  which  appear  to  have 
been  divided  from  the  continent  of  Greenland. 

The  Maldivian  iflands  are  only  feparated  by 
fmall  tracts  of  the  fea,  on  each  fide  of  which 
banks  and  rocks  are  found  compofed  of  the 
fame  materials;  and  thefe  iflands,  which,  taken 
together,  are  near  200  milçs  long,  formed 
anciently  only  one  land;  they  are  now  divided 
into  13  provinces,  called  Clufters.  Each 
clufter  contains  a great  number  of  fmall 
iflands,  mod  of  which  are  fometimes  overflow- 
ed, and  fometimes  dry  ; but  what  is  remarkable, 
thefe  thirteen  clufters  are  each  furrounded  with 
a chain  of  rocks  of  the  fame  ftone,  and  there 
are  only  three  or  four  dangerous  inlets,  by 
which  they  can  be  entered.  They  are  all  placed 
one  after  the  other,  and  it  evidently  appears 
that  thefe  iflands  were  formerly  a long  moun- 
tain capped  with  rocks*. 

Many  authors,  as  Verftegan,  Twine,  Som- 
ner,  and  efpecially  Campbell,  in  his  Defcrip- 
tion  of  England,  in  the  Chapter  of  Kent,  gives 
very  ftrong  reafons,  to  prove  that  England  was 
formerly  joined  to  France,  and  has  been  fepa- 
rated from  it  by  an  effort  of  the  fea,  which 

carried 
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carried  away  the  neck  of  land  that  joined  them, 
opened  the  Channel,  and  left  naked  a great 
quantity  of  low  and  marfhy  ground  along  the 
fouthern  coafts  of  England.  Dr.  Wallis,  as  a 
corroboration  of  this  fuppofition,  fhews  the 
conformity  of  the  ancient  Gallic  and  Britifli 
tongues,  and  adds  many  obfervations,  which 
we  fhall  relate  in  the  following  articles. 

If  we  confider  the  form  of  lands,  the  pofi- 
tion  of  mountains,  and  the  windings  of  rivers, 
we  fhall  perceive  that  generally  oppofite  hills 
are  not  only  compofed  of  the  fame  matters  on 
the  fame  level,  but  are  nearly  of  an  equal  height. 
This  equality  I have  obferved  in  my  travels,  and 
have  moftly  found  them  the  fame  on  the  two 
fides,  efpecially  in  vallies  that  were  not  more 
than  a quarter  or  a third  of  a league  broad,  for 
in  vallies  which  are  very  broad,  it  is  difficult  to 
judge  of  the  height  and  equality  of  hills,  be- 
caufe  by  looking  over  a level  plain  of  any  great 
extent,  it  appears  to  rife,  and  hills  at  a diftance 
appear  to  lower  ; but  this  is  not  the  place  to 
give  a mathematical  reafon  for  this  difference. 
It  is  alfo  very  difficult  to  judge,  by  the  naked 
fight  of  the  middle  of  a great  valley,  at  lead: 
if  there  is  no  river  in  it  ; whereas  in  confined 
vallies  our  fight  is  lefs  equivocal  and  our  judg- 
ment 
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ment  more  certain.  That  part  of  Burgundy 
comprehended  between  Auxerre,  Dijon,  Au- 
tun,  and  Bar-fur-feine,  a confiderable  extent  of 
which  is  called  la  Bailliage  de  la  Montagne , is 
one  of  the  higheft  parts  of  France  ; from  one 
fide  of  mofl  of  thefe  mountains,  which  are  only 
ôf  the  fécond  clafs,  the  water  flows  towards  the 
Ocean,  and  on  the  other  fide  towards  the  Me- 
diterranean. This  high  country  is  divided  with 
many  fmall  vallies,  very  confined,  and  almoft 
all  watered  with  rivulets.  I have  a thoufand 
times  obferved  the  correfpondence  of  the  angles 
of  thefe  hills  and  their  equality  of  height,  and  I 
am  certain  that  I have  every  where  found  the 
faliant  angles  oppofite  to  the  returning  angles, 
and  the  heights  nearly  equal  on  both  fides.  The 
farther  we  advance  into  the  higher  country, 
where  the  points  of  divifion  are,  the  higher  are 
the  mountains  ; but  this  height  is  alwavs  the 
fame  on  both  fides  of  the  vallies,  and  the  hills 
are  raifed  or  lowered  alike.  I have  frequently 
made  the  like  obfervations  in  many  other  parts 
of  France.  It  is  this  equality  in  the  height  of 
the  hills  which  forms  the  plains  in  the  moun- 
tains, and  thefe  plains  form  lands  higher  than 
others.  But  high  mountains  do  not  appear  fo 
equal  in  height,  moft  of  them  terminate  in 
vol.  i.  Ee  points 
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points  and  irregular  peaks,  and  I have  feen,  in 
crofting  the  Alps  and  the  Appenine  mountains, 
that  the  angles  are,  in  fa£l,  correfpondent  ; but 
it  is  almoft  impoflible  to  judge  by  the  eye  of 
the  equality  or  inequality  in  the  height  of  op- 
pofite  mountains,  becaufe  their  fummits  are 
loft  in  mifts  and  clouds. 

The  different  ftrata  of  which  the  earth  is 
compofed,  are  not  difpofed  according  to  their 
specific  weight,  for  we  often  find  ftrata  of 
heavy  matters  placed  on  thofe  of  lighter.  To 
be  affured  of  this,  we  have  only  to  examine 
the  earth  on  which  rocks  are  placed,  and  we 
fhall  find  that  it  is  generally  clay  or  fand*  which 
is  fpecifically  lighter.  In  hills,  and  other  fmall 
elevations,  we  eafily  difcover  this  to  be  the 
cafe  ; but  it  is  not  fo  with  large  mountains,  for 
not  only  their  fummits  are  rocks,  but  thofe  rocks 
are  placed  on  others  ; there  mountains  are 
placed  upon  mountains,  and  rocks  upon  rocks, 
to  fuch  a confiderable  height,  and  through  fo 
great  an  extent  of  country,  that  we  can  fcarcely 
be  certain  whether  there  is  earth  at  bottom,  or 
of  what  nature  it  is.  I have  feen  cavities  made 
in  rocks  to  fome  hundred  feet  deep,  without 
being  able  to  form  an  idea  where  they  ended,  for 
thefe  rocks  were  fupported  by  others  : never- 
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thelefs,  may  we  not  compare  great  with  fmall  ? 
and  fince  the  rocks  of  little  mountains,  whofe 
bafes  are  to  be  fee.',  reft  on  the  earth  lefs  heavy 
and  folid  than  ftone,  may  we  not  fuppofe  that 
earth  is  alfo  the  bafe  high  mountains  Al 
that  I have  here  to  prove  by  thefe  arguments 
is,  that  by  the  motion  of  the  waters,  it  may . 
naturally  happen  that  the  more  ponderous  mat- 
ters accumulated  on  the  lighter  ; and,  that  if 
this  in  fa£t  is  found  to  be  fo  in  moft  hills,  it  is 
probable  that  it  happened  as  explained  by  my 
theory;  but  fhouid  it  be  objected  that  I am 
not  groundedAin  fuppoOng,  that  before  the  for- 
mation of  mount  ains  the  heavieft  matters  were 
below  the  lighter;  I anfwer,  that  I affert 
nothing  general  in  this  refpeét,  becaufe  this 
effe£l  may  have  been  produced  in  many  man- 
ners, whether  the  heavieft  matters  were  upper- 
moft  or  undermoft,  or  placed  indiferiminately. 
To  conceive  how  the  fea  at  firft  formed  a 
mountain  of  clay,  and  afterwards  capt  it  with 
rocks,  it  is  fufficient  to  confider  the  fediments 
may  fucceflively  come  from  different  parts, 
and  that  they  might  be  of  different  materials. 
In  fome  parts  the  fea  may  at  fir  ft  have  depofited 
fediments  of  clay,  and  the  waters  afterwards 
brought  fediment  of  ftrong  matter,  either  be- 
E e 2 caufe 
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caufe  they  had  tranfported  all  the  clay  from  the 
bottom  and  fides,  and  then  the  waves  attacked 
the  rocks,  or  poffibly  becaufe  the  firft  fediment 
came  from  one  part,  and  the  fécond  from  ano- 
ther. This  perfectly  agrees  with  obfervation, 
by  which  we  perceive  that  beds  of  earth,  ftone, 
gravel,  fand,  &c.  follow  no  rule  in  their  ar- 
rangement, but  are  placed  indifferently  one  on 
the  other  as  it  were  by  chance. 

But  this  chance  mud  have  fome  rules,  which 
can  be  known  only  by  eftimating  the  value 
of  probabilities,  and  the  truth  of  conje&ures. 
According  to  our  hypothefis,  on  the  formation 
of  the  globe,  we  have  feen  that  the  interior  part 
of  the  globe  muft  have  been  a vitrified  matter, 
fimilar  to  vitrified  fand,  which  is  only  the  frag- 
ments of  glafs,  and  of  which  the  clays  are  per- 
haps the  fcoria;  by  this  fuppofition,  the  centre 
of  the  earth,  and  almoft  as  far  as  the  external 
circumference,  muft  be  glafs,  or  a vitrified 
matter  : and  above  this  we  ftiould  find  fand, 
clay,  and  other  fcoria.  Thus  the  earth,  in 
its  firft  ftate,  was  a nucleus  of  glafs,  or  vitri- 
fied matter  ; either  maftive  like  glafs,  or  divided 
like  fand,  becaufe  that  depends  on  the  degree 
of  heat  it  has  undergone.  Above  this  matter 
was  fand,  and  laftly  clay.  The  foil  of  the 
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waters  and  air  produced  the  external  cruft, 
which  is  thicker  or  thinner  according  to  the 
fituation  of  the  ground  ; more  or  lefs  coloured, 
according  to  the  different  mixtures  of  mud, 
fand,  clay,  and  the  decayed  parts  of  animals 
and  vegetables  ; and  more  or  lefs  fertile,  ac- 
cording to  the  abundance  or  want  of  thefe 
parts.  To  fhew  that  this  fuppofition  on  the 
formation  of  fand  and  clay  is  not  chimerical,  I 
fhall  add  fome  particular  remarks. 

I conceive,  that  the  earth,  in  its  firft  ftate, 
was  a globe,  or  rather  a fpheroid  of  compa£l 
glafs,  covered  with  a light  cruft  of  pumice 
ftone  and  other  fcoria  of  the  matter  in  fufton. 
The  motion  and  agitation  of  the  waters  and 
air  foon  reduced  this  cruft  into  powder  or 
fand,  which,  by  uniting  afterwards,  produced 
flints,  and  owe  their  hardnefs,  colour,  or  tran- 
fparency  and  variety,  to  the  different  degrees  of 
purity  of  the  fand  which  entered  into  their 
compofition. 

Thefe  fands,  whofe  conftituting  parts  unite 
by  fire,  aflimilate,  and  become  very  denfe,  com- 
pact, and  the  more  tranfparent  as  the  fand  is 
more  pure  ; on  the  contrary,  being  expofed  a 
long  time  to  the  air,  they  difunite  and  exfoliate, 
defcend  in  the  form  of  earth,  and  it  is  probable 

the 
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the  different  clays  are  thus  produced,  This 
dufl,  fometimes  of  a brightifh  yellow,  and 
fometimes  like  filver,  is  nothing  elfe  but  a very 
pure  fand  fomewhat  perilhed,  and  almofl  re- 
duced to  an  elementary  flate.  By  time,  par- 
ticles will  be  fo  far  attenuated  arid  divided, 
that  they  will  no  longer  have  power  to  reflect 
the  light,  and  acquire  all  the  properties  of  clay. 

This  theory  is  conformable  to  what  every 
day  is  feen  ; let  us  immediately  wafh  fand  upon 
its  being  dug,  and  the  water  will  be  loaded  with 
a black  ductile  and  fat  earth,  which  is  genuine 
clay.  In  flreets  paved  with  free-flone,  the 
dirt  is  always  black  and  greafy,  and  when  dried 
appears  to  be  an  earth  of  the  fame  nature  as 
clay.  Let  us  wafh  the  earth  taken  from  a fpot 
where  there  are  neither  free-flone  nor  flints, 
and  there  will  always  precipitate  a great  quan- 
tity of  verifiable  fand^ 

But  what  perfedly  proves  that  fand,  and  even 
flint  and  glafs,  exifl  in  clay,  is,  that  the  adion 
of  fire,  by  uniting  the  parts,  reftores  it  to  its 
original  form.  Clay,  if  heated  to  the  d gree 
of  calcination,  will  cover  itfelf  with  a very  hard 
enamel;  if  it  is  not  vitrified  internally,  it  ne- 
verthelefs  will  have  acquired  a very  great  hard- 
nefs,  fo  as  to  refill  the  file.;  it  will  emit  fire 

under 
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Under  the  hammer,  and  it  has  all  the  properties 
of  flint  ; a greater  degree  of  heat  caufes  it  to 
flow,  and  converts  into  real  glafs. 

Clay  and  fand  are  therefore  matters  perfectly 
analogous,  and  of  the  fame  clafs  : if  clay,  by 
condenfing,  may  become  flint  and  glafs,  why 
may  not  fand,  by  diflolution,  become  clay? 
Glafs  appears  to  be  true  elementary  earth,  and 
all  mixed  fubftances  difguifed  glafs.  Metals, 
minerals,  faits,  &c.  are  only  vitrifiable  earth  ; 
common  ftone  and  other  matters  analogous  to 
it,  and  teftaceous,  and  cruftaceous  (hells,  &c, 
are  the  only  fubftances  which  cannot  be  vitri- 
fied, and  which  feem  to  form  a feparate  clafs. 
Fire,  by  uniting  the  divided  parts  of  the  firft, 
forms  an  homogeneous  matter,  hard  and  tran- 
fparent,  without  any  diminution  of  weight,  and 
to  which  it  is  not  poflible  to  caufe  any  altera- 
tion ; thofe,  on  the  contrary,  in  which  a greater 
-quantity  of  a£tive  and  volatile  principles  enter, 
and  which  calcine,  lofe  more  than  one-third  of 
their  weight  in  the  fire,  and  retake  the  form  of 
Ample  earth,  without  any  other  alteration  than 
a difunion  of  their  different  parts  : thefe  bodies 
excepted,  which  are  no  great  number,  and 
'whofe  combinations  produce  no  great  varieties 
in  nature,  every  other  fubftance,  and  particu- 
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larly  clay,  may  bp.converted  into  glafs,  and  are 
confequently  only  decompofed  glafs.  If  the 
fire  fuddenly  caufes  the  form  of  thefe  fubflances 
to  change,  by  vitrifying  them,  glafs  itfelf, 
whether  pure,  or  in  the  form  of  fand  or  flint, 
naturally,  but  by  a flow  and  infenfible  progrefs, 
changes  into  clay. 

Where  flint  is  the  predominant  ftone,  the 
country  is  generally  ftrewed  with  parts  of  it, 
and  if  the  place  is  uncultivated,  and  thefe  ftones 
have  been  long  expofed  to  the  air,  without 
having  been  ftirred,  their  upper  fuperficies  is 
always  white,  whereas  the  oppofite  fide,  which 
touches  the  earth,  is  very  brown,  and  pre- 
ferves  its  natural  colour.  If  thefe  flints  are 
broken,  we  fhall  perceive  that  the  whitenefs  is 
not  only  external,  but  penetrates  internally, 
and  there  forms  a kind  of  band,  not  very  deep 
in  fome,  but  which  in  others  occupies  almoft 
the  whole  flint.  This  white  part  is  fomewhat 
grainy,  entirely  opaque,  as  foft  as  free-ftone, 
and  adheres  to  the  tongue  like  the  boles, 
whereas  the  other  part  is  fmooth,  has  neither 
thread  nor  grain,  and  preferves  its  natural 
colour,  tranfparency  and  hardnefs.  If  this 
flint  is  put  into  a furnace,  its  white  part  be- 
comes of  a brick  colour,  and  its  brown  part 

of 
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of  a very  fine  white.  Let  us  not  fay  with 
one  of  our  moft  celebrated  naturalifts,  that 
thefeftones  are  imperfect  flints  of  different  ages, 
which  have  not  acquired  their  perfe&ion  ; 
for  why  fhould  they  be  all  imperfeft  ? Why 
fhould  they  be  imperfeft  only  on  the  fide  ex- 
pofed  to  the  weather  ? It,  on  the  contrary, 
appears  to  me  more  reasonable  that  they  arc 
flints  changed  from  their  original  ftate,  gra- 
dually decompofed,  and  affuming  the  form  and 
property  of  clay  or  bole.  If  this  is  thought  to 
be  only  conjefibure,  let  thehardeft  andblackeft 
flint  be  expofed  to  the  weather,  in  lefs  than  a 
year  its  furface  will  change  colour  ; and  if  we 
have  patience  to  purfue  this  experiment,  we 
fhall  fee  it  by  degrees  lofe  its  hardnefs,  transpa- 
rency and  other  fpecific  characters,  and  approach 
every  day  nearer  and  nearer  the  nature  of  clay. 

What  happens  to  flint  happens  to  fand  ; 
each  grain  of  fand  may  poffibly  be  confidered 
as  a fmall  flint,  <and  each  flint  as  a mafs  of  ex- 
tremely fine  grains  of  fand.  The  fir  ft  example 
of  the  decompofition  of  fand  is  found  in  the 
brilliant  opaque  powder  called  Mica,  in  which 
clay  and  Hate  are  always  diffufed.  The  entirely 
tranfparent  flints,  the  Quartz,  produce  by  de- 
compofition fat  and  foft  talks,  fuch  as  thofe  of 
vol.  i.  F f Venice 
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Venice  and  Ruffia,  which  are  as  duftile  and 
verifiable  as  clay  : and  it  appears  to  me,  that 
talk  is  a mediate  between  glafs  or  tranfparent 
flint  and  clay  ; whereas  coarfe  and  impure 
flint,  by  decompofing,  pafles  to  clay  without 
any  intermedium. 

Our  faéiitious  glafs  undergoes  the  fame  al- 
terations : it  decompofes  and  perifhes,  as  it 
were,  in  the  air.  At  firfl:  it  allumes  a variety  of 
colours,  then  exfoliates,  and  by  working  it  we 
perceive  brilliant  fcales  fall  off  ; but  when  its 
decompofition  is  more  advanced,  it  crumbles 
between  the  fingers,  and  is  reduced  into  a very 
white  fine  talky  powder.  Art  has  even  imi- 
tated nature  in  the  decompofition  of  glafs  and 
flint.  “ Eft  etiam  certa  methodus  folius  aquæ 
communis  ope,  Alices  & arenam  in  liquorëm 
vifcofum,eumdemque  in  fal  viride  convertendi, 
& hoc  in  aleum  rubicundum,  &c.  Solius  ignis 
& aqua  ope,  fpeciali  experimento,  duriffimos 
quofque  lapides  in  mucorem  refolvo,  qui  dif- 
tillan  fubtilem  fpiritum  exhibet  & oleum  nul- 
lus  laudibus  prœdicabile 

Thefe  matters  more  particularly  belong  to 
metals,  and  when  we  come  to  them,  fhall  be 
fully  treated  on,  therefore  we  fhall  content 

ourfelves 


* See  Bccher.  Phyf.  fubter. 
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©urfelves  here  with  adding,  that  the  different 
flrata  which  cover  the  terreftrial  globe,  being 
materials  to  be  confidered  as  aCtual  vitrifica- 
tions or  analogous  to  glafs,  and  pofle fling  its 
moft  eflential  qualities  ; and  as  it  is  evident, 
that  from  the  decompofition  of  glafs  and  flint, 
which  is  every  day  made  before  our  eyes,  a ge- 
nuine clay  remains,  it  is  not  a precarious  fup- 
pofition  to  advance,  that  clays  and  fands  have 
been  formed  by  fcoria,  and  vitrified  drops  of 
the  terreftrial  globe,  efpecially  when  we  join 
the  proofs  à priori , which  we  have  given  to 
evince  the  earth  has  been  in  a ftate  of  lique- 
faction caufed  by  fire. 


ARTICLE  VIII. 

ON  SHELLS,  AND  OTHER  MARINE  PRODUCTIONS 
FOUND  IN  THp  INTERIOR  PARTS  OF  THE  EARTH. 


J HAVE  often  examined  quarries,  the  banks 
of  which  were  filled  with  fhells  ; I have  feen 
entire  hills  coinpofed  of  them,  and  chains  of 
rocks  which  contained  them  throughout  their 
F f 2 whole 
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whole  extent.  The  quantity  of  thefe  marine 
produâions  is  aftonifhing,  and  the  number  in 
many  places  fo  prbdigious,  that  it  appears 
fcarcely  poflible  that  any  fhould  now  remain  in 
the  fea  ; it  is  by  confidering  this  innumerable 
multitude  of  (hells,  that  no  doubt  is  left  of  our 
earth  having  been  a long  time  under  the  water 
of  the  ocean.  The  quantity  found  in  a foffil, 
or  petrified  (late,  is  beyond  conception,  and  it  is 
only  from  the  number  of  thofe  that  have  been 
difcovered  that  we  could  poflibly  have  formed 
an  idea  of  their  multiplicity.  We  muft  ima- 
gine like  thofe  who  reafon  on  matters  they 
never  faw,  that  (hells  are  only  found  at  ran- 
dom, difperfed  here  and  there,  or  in  fmall 
heaps,  as  oyfter  (hells  thrown  before  our  doors; 
on  the  contrary,  they  form  mountains,  are  met 
with  in  fhoals  of  iooor  200  miles  length,  nay, 
they  may  fometimes  be  traced  through  whole 
provinces  in  maffes  of  50  or  60  feet  thick.  It 
is  from  thefe  circumftances  alone  that  we  can 
reafon  on  the  fubje£t. 

We  cannot  give  a more  ftriking  example  on 
this  fubje£t  than  the  (hells  of  Touraine.  The 
following  is  the  defcription  given  of  them  by 
the  hiftorian  of  the  Academy  *. 

“ The 


Anno  1720,  page  5. 
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u The  number  of  figured  (tones  and  foflil 
(hells  found  in  the  bowels  of  the  earth  were 
remarked  in  all  ages  and  nations,  but  they 
were  confidered  merely  as  the  fports  of  nature, 
and  even  by  philofophers  themfelves,  as  the 
productions  of  chance  or  accident,  they  re* 
garded  them  with  a degree  of  furprife,  but 
paiïed  them  over  with  a flight  attention,  and  all 
this  phenomena  perifhed  without  any  fruit  for 
the  progrefs  of  knowledge.  A potter  in  Paris, 
who  knew  neither  Latin  nor  Greek,  towards 
the  end  of  the  16th  century,  was  the  firfl:  man 
who  dared  affirm,  in  oppofition  to  the  learned, 
that  the  foffil  (hells  were  real  (hells  formerly 
depofited  by  the  fea  in  thofe  places  where  they 
were  found  ; that  animals,  and  particularly  fi(h, 
had  given  to  (tones  all  thefe  different  figures, 
&c.  and  he  defied  the  whole  fchool  of  Ariftotle 
to  contradict  his  proofs.  This  was  Bernard 
Paliffy,  as  great  a natural  genius  as  nature 
could  form  : his  fyftem  dept  near  ioo  years, 
and  even  his  name  was  almoft  forgot.  At 
length  the  ideas  of  Paliffy  were  revived  in  the 
mind  of  feveral  philofophers  ; and  fcience  has 
profited  by  all  the  (hells  and  figured  (tones  the 
earth  furnifhes  us  with  ; perhaps  they  are  at 

prefent 
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prefent  become  only  too  common,  and  the  con- 
fequences  drawn  from  them  too  inconteftible. 

“ Notwithstanding  this,  the  obfervations 
prefented  by  M.  Reaumur  muft  appear  won- 
derful. He  difcovered  a mafs  of  130  million, 
680  thoufand  cubical  fathoms  of  {hells,  either 
whole  or  in  fragments,  without  any  mixture 
of  ftone,  earth,  fand,  or  other  extraneous  mat- 
ter : hitherto  foilil  {hells  have  never  appeared 
in  fuch  an  enormous  quantity,  nor  without 
mixture.  It  is  in  Touraine  this  prodigious 
mafs  is  found,  more  than  36  leagues  from  the 
fea  ; this  is  perfectly  known  there,  as  the 
farmers  of  that  province  make  ufe  of  thefe 
fhells,  which  they  dig  up,  as  manure  for  their 
lands,  to  fertilize  their  plains,  which  otherwife 
would  be  abfolutely  fterile. 

“ What  is  dug  from  the  earth,  and  which 
generally  is  no  more  than  8 or  9 feet  deep,  are 
only  fmall  fragments  of  {hells,  very  diftinguifh- 
able  as  fragments,  for  they  retain  their  original 
channels  and  hollows,  having  only  loft  their 
glofs  and  colour,  as  almoft  all  {hells  do  which 
we  find  in  the  earth.  The  fmalleft  pieces, 
which  are  only  duft,  are  ftill  diftinguiftiable, 
becaufe  they  are  perfectly  of  the  fame  matter 

as 
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as  the  reft,  as  well  as  of  the  whole  fhells  which 
are  fometimes  found.  We  difçover  the  fpecies 
as  well  in  the  whole  fhells  as  in  the  larger 
fragments.  Some  of  thefe  fpecies  are  known 
at  Poitou,  others  belong  to  more  remote  coafts. 
There  are  even  fragments  of  madrepores, 
coral,  and  other  productions  of  the  fea  ; all  this 
matter  in  the  country  is  termed  Fallum , and  is 
found  wherever  the  ground  is  dug  in  that  pro- 
vince for  the  fpace  of  nine  leagues  fquare. 
The  peafants  do  not  dig  above  twenty  feet  deep, 
becaufe  they  think  it  would  not  repay  them  for 
their  trouble,  but  they  are  certainly  deeper. 
The  calculation  of  the  quantity  is  however 
taken  upon  the  fuppofition  of  only  18  feet  and 
2200  fathoms  to  the  league.  This  mafs  of 
fhells  of  courfe  exceeds  the  calculation,  and 
poflibly  contains  double  the  quantity. 

“ In  phyfical  points  the  finalleft  circum- 
fiances,  which  moft  people  do  not  think  worthy 
of  remarking,  fometimes  lead  to  confequences 
and  afford  great  lights.  M.  de  Reaumur  ob- 
ferved,  that  all  thefe  fragments  of  fhells  lie 
horizontally,  and  hence  he  has  concluded  that 
this  infinity  of  fragments  does  not  proceed 
from  the  heap  being  formed  at  one  time,  or  of 
whole  fhells,  for  the  uppermoft,  by  their  weight, 

would 
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would  have  cruflied  the  others,  and  of  courfe 
their  fallings  would  have  given  an  infinity  of 
different  portions.  They  muft,  therefore,  have 
been  brought  there  by  the  fea,  either  whole  or 
broken,  and  neceflarily  placed  horizontally  ; 
and  although  the  extreme  length  of  time  was 
of  itfelf  fufficient  to  break,  and  almoft  calcine 
the  greateft  part,  it  could  not  change  their 
pofition. 

“ By  this  it  appears,  that  they  muft  have 
been  brought  gradually,  and  in  fa£t  how  was 
it  poffible  that  the  fea  could  convey  at  once 
fuch  an  immenfe  quantity  of  fhells,  and  at  the 
fame  time  preferve  a pofition  perfeéfly  hori- 
zontal ? they  muft  have  colle&ed  in  one  fpot, 
and  confequently  this  fpot  muft  have  been  the 
bottom  of  a gulph  or  bafon. 

“ All  this  proves,  that  although  there  muft 
remain  on  the  earth  many  veftiges  of  the  uni- 
Verfal  deluge,  as  recorded  in  fcripture,  the  mafs 
of  ftiells  at  Touraine  was  not  produced  by  that 
deluge  ; there  is  perhaps  not  fo  great  a mafs  in 
any  part  of  the  fea  ; but  even  had  the  deluge 
forced  them  away,  it  would  have  been  with  an 
impetuofity  and  violence  that  would  not  have 
permitted  them  to  retain  one  uniform  pofition. 
They  muft  have  been  brought  and  depofited 

gently 
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gently  and  flowly,  and  confequently  their  accu- 
mulation required  a fpace  of  time  much  longer 
than  a year. 

The  furface  of  the  earth,  it  is  evident,  mull 
have  been  before  or  after  the  deluge  very  dif- 
ferently difpofed  to  what  it  is  at  prefent,  that 
the  feaand  continent  had  another  arrangement, 
and  formerly  there  was  a great  gulph  in  the 
middle  of  Touraine.  The  changes  which  are 
known  from  hiftory,  or  even  ancient  fable,  are 
inconfiderable,but  they  give  us  room  to  imagine 
thofe  which  a longer  time  might  bring  about. 
M.  de  Reaumur  fuppofes  that  Touraine  was  a 
gulph  of  the  fea  which  communicated  with  the 
ocean,  and  that  thefhells  were  carried  there  by 
a current  ; but  this  is  a fimple  conjecture  laid 
down  in  room  of  the  real  unknown  faCt.  To 
fpeak  with  certainty  on  this  matter,  we  fhould 
have  geographical  maps  of  all  the  places  wrhere 
fhells  have  been  dug  from  the  earth,  to  obtain 
which  would  require  almoft  an  infinity  of  time 
and  obfervation,  yet  it  is  poflible  that  hereafter 
fcience  may  accomplit  it. 

This  quantity  of  fhells,  confiderable  as  it  is, 
will  aflonifh  us  lefs  if  we  confider  the  follow- 
ing circumftances  : firft,  fhell  fifh  multiply 
prodigioufly,  and  are  full  grown  in  a very 
vol.  1.  G g ihort 
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fhort  time  ; the  abundance  of  individuals  in 
each  kind  proves  to  us  their  fertility.  We  have 
a ftrong  example  of  this  increafe  in  oyfters,  a 
mafs  of  many  fathoms  of  which  are  frequently 
railed  in  a fingle  day.  In  a very  fhort  time 
the  rocks  to  which  they  are  attached  are  con- 
fiderably  dimitiiftied,  and  fome  banks  quite  ex- 
haufted,  neverthelefs  the  enfuing  year  we  find 
them  as  plentiful  as  before,  nor  do  they  appear 
to  be  in  the  leaft  diminifhed  ; indeed  I know 
not  whether  a natural  bed  of  oyfters  was  ever 
entirely  exhaufted.  Secondly,  the  fubftance  of 
fhells  is  analogous  to  ftone  ; they  are  a long 
time  preferved  in  foft  matters,  and  petrify  rea- 
dily in  hard  ; thefe  fhells  and  marine  produc- 
tions therefore  found  on  the  earth,  being  the 
wrecks  of  many  ages,  mull  of  courfe  hav« 
formed  very  considerable  mafles. 

There  are  a prodigious  quantity  of  ffiells  In 
marble,  lime,  ftone,  chalk,  marl,  &c.  we  find 
them,  as  before  obferved,  in  hills  and  moun- 
tains, and  they  often  make  more  than  one  half 
of  the  bodies  which  contain  them  ; for  the  moft 
part  they  appear  well  preferved,  others  are  in 
fragments,  but  large  enough  to  diftinguifh  to 
what  kind  of  fhells  they  belong.  Here  our 
knowledge  on  this  fubjeft,  from  obfervation, 
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finds  its  limits  ; but  I fhall  go  further  and  afiert 
that  fliells  are  the  intermedium  which  Na- 
ture adopts  for  the  formation  of  mod  kind  of 
ftones  ; that  chalks,  marls,  and  lime-ftone  are 
compofed  only  of  the  powder  and  pieces  of 
fhells  ; that  confequently  the  quantities  of  fhells 
deftroyed  are  infinitely  more  confiderable  than 
thofe  preferved.  I fhall  here  content  myfelf 
with  indicating  the  point  of  view  in  which  we 
ought  to  confider  the  ftrata  of  which  the  globe 
is  compofed.  The  firft  ftratum  is  compofed  of 
the  duft  of  the  air,  the  fediment  of  the  rain, 
dew,  and  vegetable  or  animal  parts,  reduced 
to  particles  ; the  ftrata  of  chalk,  marl,  lime, 
(tone,  and  marble,  are  compofed  of  the  ruins 
of  fhells,  and  other  marine  produ&ions,  mixed 
with  fragments  or  whole  fhells  ; but  the  veri- 
fiable fand  or  clay  are  the  matters  of  which 
the  internal  parts  of  the  globe  are  compofed. 
They  were  vitrified  when  the  globe  received  its 
form,  which  neceflarily  fuppofes  that  the  mat- 
ter was  in  fufion.  The  granate,  rock,  flint, 
&c.  owe  their  origin  to  fand  and  clay,  and  are 
likewife  difpofed  by  ftrata  ; but  tuffa  #,  free- 
ftone,  and  flints  (not  in  great  mafles),  cryftals, 
metals,  pyrites,  moft  minerals,  fulphurs,  &c. 

G g 2 

* A kind  of  foft  gravelly  ftone. 
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are  matters  whofe  formation  is  novel,  in  com- 
parifon  with  marbles,  calcinable  (tones,  chalk, 
marl,  and  all  other  materials  difpofed  in  hori- 
zontal drata,  and  which  contain  (hells  and 
other  productions  of  the  fea. 

As  the  denominations  I make  ufe  of  may 
appear  obfcure  or  equivocal,  it  is  neceffary  to 
explain  them.  By  the  term  clayy  I mean  not 
only  the  white  and  yellow,  but  alfo  blue,  foft, 
hard,  foliated,  and  other  clays,  which  I look  on 
as  the  fcoria  of  glafs,  or  as  decompofed  glafs. 
By  the  word  fand  I always  underhand  verifi- 
able fand  ; and  not  only  comprehend  under  this 
denomination  the  fine  fand  which  produces 
free-done,  and  which  I look  upon  as  powdered 
glafs,  or  rather  pumice  done,  but  alfo  the  fand 
which  proceeds  from  the  free-done  dedroyed 
by  fri£tion,  and  alfo  the  larger  fand,  as  fmall 
gravel,  which  proceeds  from  the  granate  and 
rock-done,  and  is  (harp,  angular,  red,  and  com- 
monly found  in  the  bed  of  rivers  or  rivulets 
that  derive  their  waters  immediately  from  the 
higher  mountains,  or  hills  compofed  of  done 
or  granate.  The  river  Armanfon  conveys  a 
great  quantity  of  this  fand  ; it  is  large  and  brittle, 
and  in  fa£t  is  only  fragments  of  rock  done, 
as  calcinable  gravel  is  of  free-done.  Rock- 
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Jlcne  and  granate  are  one  and  the  fame  fubftance, 
but  I have  ufed  both  denominations,  becaufe 
there  are  many  perfons  who  make  two  dif^ 
ferent  fpecies  of  them.  It  is  the  fame  with 
refpeft  to  flints  and  free-ftone  in  large  pieces  ; 
I look  on  them  as  kinds  of  granate,  and  I call 
them  large  flints , becaufe  they  are  difpofed  like 
calcinable  ftone  in  ftrata,  and  to  diftinguifli 
them  from  the  flints  and  free-ftone  in  fmall 
jnafles,  and  the  round  flints  which  have  no  re- 
gular quarries,  and  whofe  beds  have  a certain 
extent  ; thefe  are  of  a modern  formation,  and 
have  not  the  fame  origin  as  the  flints  and  free- 
ftone  in  large  lumps,  which  are  difpofed  in  re^ 
gular  ftrata. 

I underftand  by  the  term  fatey  not  only  the 
blue,  which  all  the  world  knows,  but  white, 
grey,  and  red  flate  : thefe  bodies  are  generally 
met  with  below  laminated  clay,  and  have  every 
appearance  of  being  nothing  more  than  clay 
hardened  in  this  ftrata.  Pit  coal  and  jet  are 
matters  which  alfo  belong  to  clay,  and  are  com- 
monly under  flate.  By  the  word  tuffa , I under-, 
flood  not  only  the  common  pumice  which  ap- 
pears full  of  holes,  and,  as  I may  fay,  organized, 
but  all  the  beds  of  ftone  made  by  the  fediment 
of  running  waters,  all  the  ftaladtites,  incrus- 
tations 
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tatioris,  and  all  kinds  of  done  that  difTolve  by 
fire.  It  is  no  ways  doubtful  that  thefe  mat- 
ters are  not  modern,  and  that  they  every  day 
grow.  Tuffa  is  only  a mafs  of  lapicinc  matter 
in  which  we  perceive  no  diftindl  drata  : this 
inatter  is  difpofed  generally  in  fmall  hollow 
cylinders,  irregularly  grouped  and  formed  by 
Waters  dropt  at  the  foot  of  mountains,  or  on 
the  dope  of  hills,  which  contain  beds  of  marl 
or  foft  and  calcareous  earth  ; thefe  cylinders, 
which  make  one  of  the  fpecific  characters  of 
this  kind  of  tuffa,  is  either  oblique  or  vertical 
according  to  the  dire£tion  of  the  dreams  or 
water  which  form  them.  Thefe  fort  of  fpurious 
quarries  have  no  continuation  ; their  extent  is 
Very  confined,  and  proportionate  to  the  height 
of  the  mountains  which  furnidi  them  with  the 
matter  of  their  growth.  The  tuffa  every  day  re- 
ceiving lapidific  juices,  thofe  fmall  cylindrical 
columns,  between  which  intervals  are  left, 
clofe  at  lad,  and  the  whole  becomes  one  com- 
pa£l  body,  but  never  acquires  the  hardnefs  of 
done,  and  is  what  Agricola  terms  Marga  tofocea 
fiflulofa*  In  this  tuffa  are  generally  found  im- 
preffions  of  leaves,  trees,  and  plants,  like  thofe 
which  grow  in  the  environs  : terredrial  fliells 
alfo  are  often  met  with,  but  never  any  of  the 
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marine  kind.  The  tuffa  is  certainly  therefore 
a new  matter,  which  muft  be  ranked  with  fta- 
ladites,  incruftations,  &c.  all  thefe  new  mat- 
ters are  kinds  of  fpurious  (tones,  formed  at  the 
expence  of  the  reft,  but  which  never  arrive  at 
true  petrification. 

Cryftai,  precious  (tones,  and  all  thofe  which 
have  a regular  figure,  even  fmall  flints  formed 
by  concentrical  beds,  whether  found  in  perpen^ 
dicular  cavities  of  rocks,  or  elfewhere,  are 
only  exudations  of  large  flints,  or  concrete 
juices  of  the  like  matters,  and  are  therefore 
fpurious  (tones,  and  real  ftalaâi.tes  of  flint  ojr 
rock. 

Shells  are  never  found  either  in  rock,  grad- 
uate, or  free-ftone,  although  they  are  often  met 
with  in  vitrifiable  land,  from  which  thefe  mat> 
ters  derive  their  origin  ; this  feems  to  prove 
that  fand  cannot  .unite  to  form  free-ftone  or 
rock  but  when  it  is  pure,  and  that  if  it  is 
mixed  with  (hells  or  fubftances  of  otherkinds, 
which  are  heterogeneous  to  it,  its  union  is 
prevented.  I have  obferved  the  little  pebbles 
which  are  often  found  in  beds  of  fand  mixed 
with  (hells,  but  never  found  any  (hell  therein  i 
thefe  pebbles  are  real  concretions  of  free-ftone 
formed  in  the  fand  in  the  places  where  it  is  not 

mixed 
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mixed  with  heterogeneous  matters  which  op- 
pofe  the  formation  of  larger  malles. 

Wehave before  obferved,  that  at  Amfterdam, 
which  is  a very  low  country,  fea  fhells  were 
found  at  ioo  feet  below  the  earth,  and  at  Mar- 
ly-la- Ville,  fix  miles  from  Paris,  at  75  feet  ; 
we  likewife  meet  with  the  fame  at  the  bottom 
of  mines,  and  in  banks  of  rocks,  beneath  a 
height  of  ftone  50,  100,  200,  and  1000  feet 
thick,  as  is  apparent  in  the  Alps  and  Pyrennees, 
where,  in  the  lower  beds,  fhells  and  other  ma- 
rine productions  are  conftantly  found.  But 
to  proceed  in  order,  we  find  fhells  on  the 
mountains  of  Spain,  France,  and  England  ; 
in  all  the  marble  quarries  of  Flanders,  in  the 
mountains  of  Guelders,  in  all  hills  around 
Paris,  Burgundy,  and  Champagne  ; in  one 
word,  in  every  place  where  the  bafis  of  the 
foil  is  not  free-ftone  or  tuffa  ; and  in  moft  of 
thefe  places  there  are  more  fhells  than  other 
matters  in  the  fubftance  of  the  ftones.  By 
Jhells , I mean  not  only  the  wrecks  of  fhell  fifh, 
but  thofe  of  cruftaceous  animals,  the  briftles  of 
fea  hedge-hogs,  and  all  productions  of  the  fea 
infeCts,  as  coral,  madrepores,  aftroites,  &c.  We 
may  eafily  be  convinced  by  infpeCtion,  that  in 
moft  calcinable  ftones  and  marble,  there  is  fo 

great 
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great  a quantity  of  thefe  marine  productions 
that  they  appear  to  furpafs  the  matter  which 
unites  them. 

But  let  us  proceed  ; we  meet  with  thefe  ma- 
rine productions  even  on  the  tops  of  the  higheft 
mountains  ; for  example,  on  Mount  Cenis,  in 
the  mountains  of  Genes,  in  the  Apennines* 
andin  moft  of  the  {tone and  marble  quarries  in 
Italy  ; alfo  in  the  {tones  of  the  moft  ancient 
edifices  of  the  Romans;  in  the  mountains  of 
Tirol  ; in  the  centre  of  Italy,  on  the  fummits 
of  Mount  Paterne,  near  Bologna  ; in  the  hills 
of  Calabria  ; in  many  parts  of  Germany  and 
Hungary,  and  generally  in  all  the  high  parts  of 
Europe  *. 

In  Afia  and  Africa,  travellers  have  remarked 
them  in  feveral  parts  ; for  example,  on  the 
mountains  of  Caftravan,  above  Barut,  there  is 
a bed  of  white  ftone  as  thin  as  flate,  each  leaf  of 
which  contains  a great  number  and  diverfity  of 
fifties  ; they  lie  for  the  moft  part  very  flat  and 
comprefted,  as  does  the  foflil  fern^plants,  but 
they  arenotwithftanding  fo  well  prefer ved,  that 
the  fmalleft  traces  of  the  fins,  fcales,  and  all  the 
parts  which  diftinguifti  each  kind  of  fifti,  are 
perfedly  vifible.  . So  likewife  we  find  many 
VOL.  I.  H h fea 

* On  this  fubjeft  fee  Stenon,  R.av,  Woodward,  and  others. 


234  buffon’s 

fea  mufcles,  and  petrified  fhells  between  Suez 
and  Cairo,  and  on  all  the  hills  and  eminences  of 
Barbary  ; the  greatefl  part  are  conformable  to 
the  kinds  at  prefent  caught  in  the  Red  fea*. 
In  Europe,  we  meet  with  petrified  fifli  in 
Sweden  and  Germany,  and  in  the  quarry  of 
Oningen,  &c. 

The  long  chain  of  mountains,  fays  Bour- 
guet,  which  extends  from  Portugal  to  the  moft 
eaftern  parts  of  China,  the  mountains  of  Africa 
and  America,  and  the  vallies  of  Europe,  all  in- 
clofe  ftones  filled  with  Ihell-fifh,  and  from 
hence,  he  fays,  we  may  conclude  the  fame  of  all 
the  other  parts  of  the  world  unknown  to  us. 

The  iflands  in  Europe,  Afia,  and  America, 
where  men  have  hadoccafion  to  dig,  whether  in 
mountains  or  plains,  furnifh  examples  of  foffil 
fhells,  which  evince  that  they  have  that  in  com- 
mon with  the  bordering  continents. 

Here  then  is  fufficient  fails  to  prove  that  fea 
fhells,  petrified  filh,  and  other  marine  produc- 
tions are  to  be  found  in  almoft  every  place  wc 
are  difpofed  to  feek  them. 

“ It  is  certain,  fays  an  Englilh  author  (Tan- 
cred  Robinfon),  that  there  have  been  feà- 
jfhells  difperfed  on  the  earth  by  armies,  and  the 

inhabitants 

* See  Shaw’s  Voyages,  Vol.  ii,  page4oand4i. 
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inhabitants  of  towns  and  villages,  and  that 
Loubere  relates  in  his  Voyage  to  Siam,  that  the 
monkies  of  the  Cape  of  Good  Hope  continual- 
ly amufe  themfelves  with  carrying  fhells  from 
the  fea  fhores  to  the  tops  of  the  mountains  ; 
but  that  cannot  refolve  the  queftion,  why  thefe 
fhells  aredifperfed  over  all  the  earth,  and  even 
in  the  interior  parts  of  mountains,  where 'they 
arc  depofited  in  beds  like  thofe  in  the  bottom 
of  the  fea.” 

On  reading  an  Italian  letter  on  the  changes 
happened  to  the  terreftrial  globe,  printed  at 
Paris  in  the  year  1746,  I was  furprifed  to  find 
thefe  fentiments  of  Loubere  exaâly  corre- 
fponded.  Petrified  fifh,  according  to  this 
writer,  are  only  fifh  rejefted  from  the  Roman 
tables,  becaufe  they  were  not  efteemed  whole- 
fome  ; and  with  refped:  to  foffil-fhells,  he 
fays  the  pilgrims  of  Syria  brought,  during 
the  times  of  the  Crufades,  thofe  of  the 
Levant  Sea,  into  France,  Italy,  and  other 
Chriftian  hates  ; why  has  he  not  added  that 
it  was  the  monkies  who  tranfported  the  fhells 
to  the  tops  of  thefe  mountains,  which  were 
never  inhabited  by  men  ? this  would  not  have 
fpoiled  but  rendered  his  explanation  ftill  more 
probable. 

H h 2 How 
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How  comes  it  that  enlightened  perfons,  who 
pique  themfelves  on  philofophy,  have  fuch  va- 
rious ideas  on  this  fubjeét  ? But  doing  fo,  we 
lhall  not  content  ourfelves  with  having  faid 
that  petrified  fhells  are  found  in  almoft  every 
part  of  the  earth  which  has  been  dug,  nor 
with  having  related  the  teftimonies  of  authors 
of  natural  hiftory  ; as  it  might  be  fufpe&ed, 
that  with  a view  of  fome  fyftem,  they  perceiv- 
ed fhells  where  there  were  none;  but  quote  the 
authority  of  fome  authors,  who  merely  remark- 
ed them  accidentally,  and  whofe  obfervations 
vrent  no  farther  than  recognifing  thofe  that 
were  whole  and  in  the  beft  prefervation.  Their 
teftimony  will  perhaps  be  of  a ftill  greater  au- 
thority with  people  who  have  it  not  in  their 
power  to  be  allured  of  the  truth  of  thefe  fads, 
and  who  know  not  the  difference  between  fhells 
and  pétrifications. 

All  the  world  may  fee  the  banks  of  fhells  in 
the  hills  in  the  environs  of  Paris,  efpecially  in 
the  quarries  of  ftone,  as  at  Chauffée,  near  Sève, 
at  Iffy,  Paffy,  and  elfewhere.  We  find  a great 
quantity  of  lenticular  ftones  at  Villers-Cotte- 
rets  ; thefe  rocks  are  entirely  formed  thereof, 
and  they  are  blended  without  any  order  with  a 
kind  of  ftony  mortar,  which  binds  them  toge- 
ther 
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ther.  At  Chaumont  fo  great  a quantity  of 
petrified  fhells  are  found  that  the  hills  appear 
to  be  compofed  of  nothing  elfe.  It  is  the 
fame  at  Çourtagnon,  near  Rheims,  where  there 
is  a bank  of  {hells  near  four  leagues  broad,  and 
whofe  length  is  confiderably  more.  I men? 
tion  thefe  places  as  being  famous  and  (hiking 
the  eye  of  every  beholder. 

With  refpeét  to  foreign  countries,  here  foh 
lows  the  obfervations  of  fome  travellers  : 

“ In  Syria  and  Phoenicia,  the  rocks,  parti? 
cularly  in  the  neighbourhood  of  Latikea,  are 
a kind  of  chalky  fubftance,  and  it  is  perhaps 
from  thence  that  the  city  has  taken  the  name 
pf  the  white  promontory.  Nakoura,  anciently 
termed  Scala  Tyriorum,  or  the  Tyrians  Lad~ 
der,  is  nearly  of  the  fame  nature,  and  we  {till 
find  there,  by  digging,  quantities  of  all  forts 
of  (hells,  corals,  and  other  remains  of  the  de-r 
luge 

“ On  mount  Si  nia,  we  find  only  a few  foffi! 
{hells,  and  other  marks  of  the  deluge,  at  lead 
if  we  do  not  rank  the  folfil  Tarmarin  of  the 
neighbouring  mountains  of  Siam  among  this 
pumber,  perhaps  the  firft  matter  of  which  their 

marbie 

? See  Shaw’s  Travels. 
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marble  is  formed,  had  a corrofive  virtue  not 
proper  to  preferve  them.  But  at  Corondel, 
where  the  rocks  approach  nearer  our  free-ftone, 
I found  many  (hells,  as  alfo  a very  (ingular  fea 
mufcle,  of  the  defcoid  kind,  but  clofer  and 
rounder.  The  ruins  of  the  little  village  Ain 
le  Moufa,  and  many  canals  which  conduit  the 
water  thereto,  furnifh  numbers  of  folTil  (hells. 
The  ancient  walls  of  Suez,  and  what  yet  re- 
mains of  its  harbour,  have  been  conftruited  of 
the  fame  materials,  which  feem  to  have  been 
taken  from  the  fame  quarry.  Between,  as  well 
as  on  all  the  mountains,  eminences  and  hills  of 
Lybia,  near  Egypt,  we  meet  with  a great  quan- 
tity of  fea  weed,  as  well  as  vivalvous  (hells, 
and  of  thofe  which  terminate  in  a point,  mod 
of  which  are  exaitly  conformable  to  the  kinds 
at  prefent  caught  in  the  Red  Sea. 

The  moving  fand  in  the  neighbourhood  of 
Ras  Sem,  in  the  kingdom  of  Barca,  covers  many 
palm  trees  with  pétrifications.  Ras  Sem  fig- 
nifies  the  head  of  a fi(h,  and  is  what  we  term 
the  petrified  village,  where  it  is  faid  men,  wo- 
men, and  children  are  found,  who  with  their 
cattle,  furniture,  &c.  have  been  converted  into 
done  ; but  thefe,  fays  Shaw,  are  vain  tales  and 
fables,  as  I have  not  only  learnt  from  M.  le 

Maire, 
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Maire,  who  at  the  time  he  was  Conful  at  Tri- 
poly, fent  feveral  perfons  thither  to  take  cog- 
nizance of  it,  but  alfo  from  very  refpeftable 
perfons  who  had  been  at  thofe  places. 

Near  the  pyramids  certain  pieces  of  (tone 
worked  by  the  fculptor  were  found  by  Mr. 
Shaw,  and  among  thefe  flones  many  rude  ones 
of  the  figure  and  fize  of  lentils  ; fome  even 
referable  barley  half-peeled  ; thefe,  he  fays, 
were  reported  to  be  the  remains  of  what  the 
workmen  ate,  but  which  does  not  appear  pro- 
bable, &c.  Thefe  lentils  and  barley  are  no- 
thing but  petrified  {hells  called  by  naturalifts 
lentil-ftones. 

According  to  Miffon,  feveral  forts  of  thefe 
fhell-fifh  are  found  in  the  environs  of  Maef- 
tricht,  efpecially  towards  the  village  of  Zicken, 
orTichen,  and  at  the  little  mountain  called 
Huns.  In  the  environs  of  Sienna,  near  Ce- 
raldo,  are  many  mountains  of  fand  crammed 
with  divers  forts  of  fhells.  Montemario,  a 
mile  from  Rome,  is  entirely  filled  with  them  ; 
I have  feen  them  in  the  Alps,  France,  and  elfe- 
where.  Olearius,  Steno,  Cambden,  Speed,  and 
a number  of  other  authors,  as  well  ancient  as 
modern,  relate  the  fame  phenomena. 
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“ Theifland  of  Cerigo,  fays  Thevenot,  wâê 
anciently  called  Porphyris,  from  the  quantity 
of  Porphyry  which  was  taken  out  of  it #. 

“ Oppofite  the  village  of  Jnchene,  and  on 
theeaftern  fhore  of  the  Nile,  I found  petrified 
plants,  which  grow  naturally  in  a fpace  about 
two  leagues  long,  by  a very  moderate  breadth  ; 
this  is  one  of  the  mod  fingular  productions  of 
nature.  Thefe .plants  refemble  the  white  coral 
found  in  the  Red  Seat.” 

u There  are  pétrifications  of  divers  kinds 
on  Mount  Libanus,  and  among  others  flat 
flones,  where  the  lkeletons  of  fifh  are  found 
well  preferved  and  entire  ; red  chefnuts  and 
fmall  branches  of  coral,  the  fame  as  grow  in  the 
Red  Sea,  are  alfo  found  on  this  mountain.” 

“ On  Mount  Carmel  we  find  a great  quan- 
tity of  hollow  flones,  which  have  fomething 
of  the  figure  of  melons,  peaches,  and  other 
fruits,  which  are  faid  to  be  fo  petrified  : they  are 
commonly  fold  to  pilgrims,  not  only  as  mere 
curiofities,  but  alfo  as  remedies  againft  many 
diforders.  The  olives  which  are  the  lapides 
jadaiciy  are  to  be  met  with  at  the  druggifts,  and 

have 

* Thevenot,  Vol.  i,  page  25. 

4 Voyage  of  Paul  Lucus,  Vo!.  11,  page  380. 
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have  always  been  looked  upon,  when  diflolved 
in  the  juice  of  lemon,  as  a fpecific  for  the  ftone 
and  gravel.” 

“ M.  la  Roche,  a phyfician,  gave  me  fome 
of  thefe  petrified  olives,  which  grew  in  great 
plenty  in  thefe  mountains,  where  I am  told 
are  found  other  (tones,  the  infides  of  which 
perfectly  refemble  the  natural  parts  of  men 
and  women.  Thefe  are  Hyfterolithes.” 

In  going  from  Smyrna  toTauris,  when  we 
were  at  Tocat,  fays  Tavernier,  the  heat  was 
fo  great,  as  obliged  us  to  quit  the  common 
road,  and  go  by  the  mountains,  where  there  is 
conftantly  fliade  and  refrefhing  air.  In  many 
places  we  found  fnow  and  a quantity  of  very 
fine  forrel,  and  on  the  top  of  fome  of  thofe 
mountains  we  found  lhells  like  thofe  upon  the 
fea  Ihores,  which  was  very  extraordinary.” 

Here  follows  what  Olearius  fays  on  the 
fubje£t  of  petrified  (hells,  which  he  remarked 
in  Perfia,  and  in  the  rocks  where  the  fe- 
pulchres  are  cut  out  near  to  the  village  of 
Pyrmaraus  : 

<c  We  were  three  in  company  that  afcended 
to  the  top  of  the  rock  by  the  moft  frightful 
precipices,  mutually  aflifting  each  other  : hav- 
ing gained  the  fummit,  we  found  four  large 
vol.  1.  I i chambers. 
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chambers,  and  within  many  niches  cut  in  the 
rocks  to  ferve  for  beds:  but  what  the  mofl  fur- 
prifed  us  was  to  find  in  this  vault,  on  the  top  of 
the  mountain,  mufcle  (hells  ; and  in  fome 
places  they  were  in  fuch  great  quantities,  that 
the  whole  rock  appeared  to  be  compofed  only 
of  fand  and  (hells.  Returning  to  Perfia,  we 
perceived  many  of  thefe  (helly  mountains  along 
the  coaft  of  the  Cafpian  Sea.” 

To  thefe  I could  fubjoin  many  other  autho- 
rities which  I fupprefs,not  willing  to  tire  thofe 
who  have  no  need  of  fuperabundant  proofs, 
and  who  are  convinced  by  their  fight,  as  I have 
been,  of  the  exiftence  of  (hells  wherever  we 
chufe  to  feek  for  them. 

In  France,  we  not  only  find  the  (hells  of  the 
French  coaft,  but  alfo  fuch  as  have  never  been 
feen  in  thofe  feas.  Some  philofophers  aflert, 
that  the  quantity  of  thefe  foreign  petrified  (hells 
is  much  greater  than  thofe  of  our  climate  ; 
but  I think  this  opinion  unfounded  ; for,  in- 
dependent of  the  (hell-fi(h  which  inhabit  the 
bottom  of  the  fea,  and  are  feldom  brought  up 
by  the  filhermen,  and  which  confequently  may 
be  looked  on  as  foreigners,  although  they  exift 
in  our  feas,  I fee,  by  comparing  the  petri- 
fadtions  with  the  living  analagous  animals, 

there 
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there  are  more  of  thofe  of  our  coafts  than  of 
others  : for  example,  moft  of  the  cockles, 
mufcles,  oyfters,  ear-fhells,  limpets,  nautili, 
ftars,  tubulites,  corals,  madrepores,  &c.  found 
in  fo  many  places,  are  certainly  the  produc- 
tions of  our  feas  ; and  though  a great  number 
appear  which  are  foreign  or  unknown,  the 
cornu  ammonis,  the  lapides  juduica,  &c.  yet  I 
am  convinced*  from  repeated  obfervations, 
that  the  number  of  thefe  kinds  is  fmall  in  com- 
parifon  with  the  fhells  of  our  own  coafts  : be- 
fides,  what  compofes  the  bottom  of  almoft 
all  our  marble  and  lime-ftone  but  madrepores, 
aftroites,  and  all  thofe  other  productions  which 
are  formed  by  fea  infeCts,  and  formerly  called 
marine  plants  ? Shells,  however  abundant, 
form  only  a fmall  part  of  thefe  productions, 
many  of  which  originate  in  our  feas,  and  par- 
ticularly in  the  Mediterranean. 

The  Red  Sea  produces  corals,  madrepores, 
and  marine  plants  in  the  greateft  abundance  ; 
no  part  furnifties  a greater  variety  than  the  port 
of  Tor  ; in  calm  weather,  fo  great  a quantity 
prefent  themfelves,  that  the  bottom  of  the  fea 
refembles  a foreft  ; fome  of  the  branched  ma- 
drepores are  eight  or  ten  feet  high.  In  the 
Mediterranean  Sea,  at  Marfeilles,  near  the 
I i 2 coafts 
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coafts  of  Italy  and  Sicily.  In  moil  of  the 
gulphs  of  the  ocean,  around  iflands,  on  banks, 
and  in  all  temperate  climates,  where  the  fea  is 
but  of  a moderate  depth,  they  are  very  com- 
mon. 

M.  Peyflonel  was  the  firft  who  difcovered 
that  corals,  madrepores,  &c.  owed  their  origin 
to  animals,  and  were  not  plants  as  had  been 
fuppofed.  The  obfervation  of  M.  Peyflonel 
was  a long  time  doubted  : fome  naturalifts  at 
firft  rejedted  it  with  a kind  of  difdain  ; never- 
thelefsthey  have  been  obliged  fince  to  acknow- 
ledge its  truth,  and  the  whole  world  is  at  length 
fatisfied  that  thefe,  formerly  fuppofed  marine 
plants,  are  nothing  but  hives  or  cells  formed 
by  infedls,  in  which  they  live  as  fifh  do  in  their 
Ihells.  Thefe  bodies  were  at  firft  placed  in 
the  clafs  of  minerals,  then  pafled  into  that  of 
vegetables  and  now  remain  fixed  in  that  of 
animals,  the  genuine  operations  of  which  they 
mull  ever  be  confidered. 

There  are  fhell-fifh  which  live  at  the  bottom 
of  the  fea,  and  which  are  never  caft  on  the 
fhore  : authors  call  them  Pelogiæ,  to  diftin- 
guifh  them  from  the  others  which  they  call 
Littérales.  It  is  to  be  fuppofed  the  cornu  am- 
monis,  and  fome  other  kinds  that  are  only  found 
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in  a petrified  date,  belong  to  the  former,  and 
that  they  were  filled  with  the  flony  fediment  in 
the  very  places  they  are  found.  There  might 
alfo  have  been  certain  animals,  whofe  fpecies 
are  perifhed,  and  of  which  number  this  fhell- 
fifh  might  be  ranked.  The  extraordinary 
foffil  bones  found  in  Siberia,  Canada,  Ireland, 
and  many  other  places,  feem  to  confirm  this 
conjecture  ; for  no  animal  has  hitherto  been 
difcovered  to  whom  fuch  bones  could  belong, 
as  they  are,  for  the  moft  part,  of  an  enormous 
fize. 

Thefe  fhells,  according  to  Woodward,  are 
met  with  from  the  top  to  the  bottom  of  quar- 
ries, pits,  and  at  the  bottom  of  the  deepcft 
mines  of  Hungary.  And  Mr.  Ray  affures  us, 
they  are  found  a thoufand  feet  deep  in  the 
rocks  which  border  the  ifle  of  Calda,  and  in 
Pembrokefhire  in  England. 

Shells  are  not  only  found  in  a petrified  fiate 
at  great  depths,  and  at  the  tops  of  the  higheft 
mountains  ; but  there  are  fome  met  with  in  their 
natural  condition,  and  which  have  the  glofs, 
colours,  and  lightnefs  of  fea-fhells  : and  to 
convince  ourfelves  entirely  of  this  matter,  we 
have  only  to  compare  them  with  thofe  found  on 
the  fea  fhores.  A flight  examination  will  prove 
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that  thefe  fofTil  and  petrified  (hells  are  the  fame 
as  thofe  of  the  fea  ; they  are  marked  with  the 
fame  articulations  ; and  in  the  gloflopetri,  and 
other  teeth  of  fifties,  which  are  fometimes  found 
adhering  to  the  jaw-bone,  the  teeth  of  the  fifh 
are  remarked  to  be  fmooth,  and  worn  at  the 
extremities,  and  that  they  have  been  made  ufe 
of  when  the  animals  were  alive. 

Almofi:  every  whereon  land  we  meet  with 
foftil-fhells,  and  of  thofe  of  the  fame  kind, 
fome  are  fmall,  others  large,  fome  young,  others 
old;  fome  imperfeâ,  others  extremely  perfect; 
and  we  likewdfe  fometimes  fee  the  young  ones 
adhering  to  the  old. 

The  (hell-fifh  called  purpura  has  a long 
tongue,  the  extremity  of  which  is  bony,  and  fo 
fharp,  that  it  pierces  the  (hells  of  other  fifti  ; 
by>  which  means  it  draws  nutriment  from  them. 
Shells  pierced  in  this  manner  are  frequently 
found  in  the  earth,  which  is  an  inconteftible 
proof  that  they  formerly  enclofed  living  fifti, 
and  exifted  in  thofe  parts  where  there  were  the 
Purpura. 

The  obelilks  of  St.  Peter's,  at  Rome,  accord- 
ing to  John  of  Latran,  were  faid  to  come  from 
the  pyramids  of  Egypt  : they  are  of  red  gra- 
nate,  which  -is  a kind  of  rock-ftone,  and  as 
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we  have  obferved,  contains  no  fhells  ; but  the 
African  and  Egyptian  marble,  and  the  por- 
phyry faid  to  have  been  cut  from  the  temple 
of  Solomon,  and  the  palaces  of  the  kings  of 
Egypt,  and  ufedat  Rome  indifferent  buildings, 
are  filled  with  (hells.  Red  porphyry  is  com- 
pofed  of  an  infinite  number  of  prickles  of  the 
fpecies  of  echinus,  or  fea  chefnut  ; they  are 
placed  pretty  near  each  other,  and  form  all  the 
fmall  white  fpots  which  are  in  the  porphyry. 
Each  of  thefe  white  fpots  has  a black  one  in  its 
centre,  which  is  the  feâionof  the  longitudinal 
tube  of  the  prickles  of  the  echinus.  At  Fichen, 
three*leagues  from  Dijon,  in  Burgundy,  is  a 
red  flone  perfectly  fimilar  in  its  compofition 
to  porphyry,  and  which  differs  from  it  only  in 
hardnefs,  not  being  more  fo  than  marble  ; it 
appears  almofl  formed  of  prickles  of  the  echini, 
and  its  beds  are  of  a very  great  extent.  Many 
beautiful  pieces  of  workmanfhip  have  been 
made  of  it  in  this  province,  and  particularly 
the  fteps  of  the  pedeftal  of  the  equeftrian  ftatue 
of  Louis  le  Grand,  at  Dijon. 

This  fpecies  of  (tone  is  alfo  found  at  Mont- 
bard,  in  Burgundy,  where  there  is  an  extenfive 
quarry  ; it  is  not  fo  hard  as  marble,  contains 
more  of  the  echini,  and  lefs  of  the  red  matter. 
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From,  this  it  appears  that  the  ancient  porphyry 
of  Egypt  differs  only  from  that  of  Burgundy  in 
the  degree  of  hardnefs,  and  the  number  of  the 
points  of  the  echini. 

With  refpeft  to  what  the  curious  call  green 
porphyry,  I rather  fuppofe  it  to  be  a granate 
than  a porphyry  ; it  is  not  compofed  of  fpots  like 
the  red  porphyry,  and  its  fubftance  appears  to 
be  fimilar  to  that  of  a common  granate.  In 
Tufcany,  in  the  (lone  with  which  the  ancient 
walls  of  Volatèra  were  built,  there  are  a great 
quantity  of  Ihells,  and  this  wall  was  built  2500 
years  ago.  Mod  marbles,  porphyries,  and 
other  (tones  of  the  mod  ancient  buildings, 
contain  fhells  and  other  wrecks  of  marine  pro- 
ductions, as  well  as  the  marble  we  at  prefent 
take  from  the  quarry  ; therefore  it  cannot  be 
doubted,  independent  even  of  the  facred  tefti- 
mony  of  holy  writ,  that  before  the  deluge  the 
earth  was  compofed  of  the  fame  materials  as  it 
is  at  prefent. 

From  all  thefe  facts  it  is  plain  that  petrified 
fhells  are  found  in  Europe,  Afia,  Africa,  and 
in  every  place  where  the  obfervations  have  been 
made  ; they  are  alfo  found  in  America,  in  the 
Brafils:  for  example,  in  Tucumama,  in  Terra 
Magellinica,  and  in  fuch  a great  quantity  in  the 

Antilles, 


NATURAL  HISTORY. 


249 


Antilles, that  direCtly  belowthe  cultivableland, 
the  bottom  of  which  the  inhabitants  call  lime,  is 
nothing  but  a compofition  of  fliells,  madrepores, 
adroites,  and  other  productions  of  the  fea. 
Thefe  fads  would  have  made  me  think  that 
fhells  and  other  petrified  marine  produdions, 
were  to  be  found  in  the  greated  part  of  the  con- 
tinent of  America,  and  efpeciaily  in  the  moun- 
tains, as  W oodward  afterts  ; but  M.  Condamine, 
w'ho  lived  feveral  years  at  Peru,  has  affured  me 
he  could  not  difcover  any  in  the  Cordeliers, 
although  he  had  carefully  fought  for  them. 
This  exception  would  be  fingular,  and  the  con- 
fequences  that  might  be  drawrn  from  it  would 
be  dill  more  fo  ; but  I own,  that  in  fpite  of 
the  tedimony  of  this  celebrated  naturalid,  I am 
much  inclined  to  fuppofe,  that  in  the  mountains 
of  Peru,  as  well  as  elfewhere,  there  are  fhells 
and  other  marine  pétrifications,  although  they 
have  not  been  difcovered.  It  is  well  known, 
that  in  matter  of  tedimonies,  two  pofitive  wit- 
nefies,  who  affert  to  have  feen  a thing,  is  fuf- 
ficient  to  make  a complete  proof  ; whereas 
ten  thoufand  negative  witnefies,  and  who  can 
only  adert  not  to  have  feen  a thing,  can  only 
raife  a flight  doubt.  This  reafon,  united  with 
the  drength  of  analogy,  induces  me  to  perfid  in 
Vol.  i.  K k thinking 
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thinking  the  {hells  will  be  found  on  the  moun- 
tains of  Peru,  efpecially  if  we  fearch  for  them  on 
the  rife  of  the  mountain,  and  not  at  the  fummit. 

The  tops  of  the  higheft  mountains  are  gene- 
rally compofed  of  rock,  (tone  granate,  and  other 
vitrifiable  matters,  which  contain  no  {hells. 

All  thefe  matters  were  formed  out  of  the  beds 
of  the  fand  of  the  fea,  which  covered  the  tops  of 
thefe  mountains.  When  the  fea  left  them,  the 
fand  and  other  light  bodies  were  carried  by  the 
waters  into  the  plains,  fo  that  there  remained 
only  rocks  on  the  tops  of  the  mountains,  which 
had  been  formed  under  thofe  beds  of  fand.  At 
two,  three,  or  four  hundred  fathoms  below  the 
tops  of  thefe  mountains,  are  often  found  marble 
and  other  calcinable  matter,  which  are  dif- 
pofed  in  parallel  ftrata,  and  contain  Ihells  and 
other  marine  productions  ; therefore  it  is  not 
furprifing  that  M.  de  la  Condamine  did  not 
find  any  {hells  on  thefe  mountains,  efpecially 
if  he  fought  for  them  in  the  elevated  parts  of 
thofe  mountains  which  are  compofed  of  rock, 
free-ftone,  or  vitrifiable  fand  ; but  had  he  ex- 
amined the  lower  parts  of  the  Cordeliers,  he 
would  undoubtedly  have  found  ftrata  of  ftone, 
marble,  earth,  &c.  mixed  with  {hells  ; for 
in  every  country  where  obfervations  have 
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been  made,  fuch  beds  have  always  been  met 
with. 

But  fuppofe  that  in  fa£t  there  are  no  marine 
productions  in  the  mountains  of  Peru,  all  that 
may  be  concluded  from  it  will  no  ways  affect 
our  theory  ; and  it  might  be  poffible,  that  there 
are  fome  parts  of  the  globe  which  never  were 
covered  with  water,  efpecially  of  fuch  elevation 
as  the  Cordeliers.  But  in  this  cafe  there  might 
be  fome  curious  obfervations  made  on  thofe 
mountains,  for  they  would  not  be  compofed  of 
parallel  ftrata,  the  materials  alfo  would  be  very 
different  from  thofe  we  are  acquainted  with  ; 
they  would  not  have  perpendicular  cracks;  the 
compofition  of  the  rocks  and  (tones  would  not 
at  all  refemble  thofe  of  other  countries  ; and 
laftly,  in  thefe  mountains  we  fhould  find  the 
ancient  ftrufture  of  the  earth,  fuch  as  it  origi- 
nally was  before  it  was  changed  by  the  motion 
of  the  waters  ; we  fhould  fee  the  firft  ftate  of 
the  globe,  the  old  matters  of  which  it  was  com- 
pofed, its  form,  and  the  natural  arrangement 
of  its  parts,  but  this  is  too  much  to  expect, 
and  on  too  flight  foundations  ; and  it  is  more 
conformable  to  reafon  to  conclude  that  foffil- 
fhells  are  to  be  found  in  thofe  moun;ains,  as 
well  as  in  every  other  place. 

Kk  2 
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With  refpeft  to  the  manner  in  which  {hells 
are  placed  in  the  ftrata  of  earth  or  fand,  Wood- 
ward fays,  “ All  {hells  that  are  met  with  in  an 
infinity  of  ftrata  of  earth,  and  banks  of  rocks, 
in  the  higheft  mountains,  and  in  the  deepeft 
quarries  and  mines,  in  flints,  &c.  &c.  in  maffes 
of  fulphur,  marcafites,  and  other  metallic  and 
mineral  bodies,  are  filled  with  fimilar  fub- 
ftances  to  that  which  includes  them,  and  never 
any  heterogenous  matter,  &c. 

“ In  the  fand  ftones  of  all  countries  (the 
fpecific  weight  of  the  different  kinds  of  which 
vary  but  little,  being  generally  with  refpeft  to 
water  as  2f  or  T\  to  i),  we  find  only  the  con- 
chae,  and  other  {hells  which  are  nearly  of  the 
fame  weight,  but  they  are  ufually  found  in  very 
great  numbers,  whereas  it  is  very  rare  to  meet 
with  oyfter-fliells  (whofe  fpecific  weight  is  but 
as  2-j  to  i),  or  fea  cockles  (whofe  weight  is  but 
as  2 or  ol\  to  i),  or  other  forts  of  lighter  {hells  ; 
but  on  the  contrary  in  chalk,  (which  is  lighter 
than  ftone,  being  to  water  but  as  2,~  to  i), 
we  find  only  cockles  and  other  kinds  of  lighter 
lhells,  page  32,  33.” 

It  muft  be  remarked,  that  what  Woodward 
fays  in  this  place  with  refpeft  to  fpecific  gra- 
vity, muft  not  be  looked  upon  as  a general 
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rule,  for  we  find  lighter  and  heavier  fhells  in  the 
fame  matters  ; for  example,  fhells  of  cockles, 
of  oyfters,  of  echini,  &c.  are  found  in  the 
fame  (tones  and  earth  ; and  even  in  the  royal 
cabinet  may  be  feen  a petrified  cockle  in  a cor- 
nelian, and  echini  petrified  in  an  agate,  &c. 
therefore  the  fpecific  weight  of  the  fhells  has 
not  influenced  fo  much  as  Woodward  fuppofes 
their  pofition  in  the  earth.  The  reafon  why 
fuch  light  fhells  are  found  more  abundantly  in 
chalk  is,  that  chalk  is  only  the  ruinated  part  of 
fhells,  and  that  thofe  of  the  echini  being  lighter 
and  thinner  than  others,  would  have  been  moft 
eafily  reduced  into  powder  or  chalk,  fothat  the 
ftrata  of  chalk  are  only  met  with  in  the  places 
where  formerly  a great  abundance  of  thefe  light 
fhells  were  collected,  the  definition  of  which 
formed  that  chalk,  in  which  we  find  thofe  fhells^ 
which  having  refilled  the  frictions,  are  preferr- 
ed entire,  or  at  lead;  in  parts  large  enough  to 
difcover  their  fpecies. 

But  this  fubjet  is  treated  more  fully  in  our 
difcourfe  on  minerals  ; we  fhall  here  content 
ourfelves  with  faying,  that  a modification  muff 
be  given  to  Woodward’s  expreflions:  he  feems 
to  fay,  that  fhells  are  found  in  flints,  cornelians, 
in  ores,  and  fulphur,  as  often/and  in  as  great  a 
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number  as  in  other  matters  ; whereas  the  truth 
is*  that  they  are  very  rare  in  all  vitrifiable  or 
purely  inflammable  fubftances;  and,  on  the  con- 
tray,  are  in  prodigious  abundance  in  chalk, 
marl,  and  marbles,  infomuch  that  we  cannot 
abfolutely  pretend  to  fay,  that  the  lighted:  and 
heavieft  fhells  are  found  in  correfponding  ftrata, 
but  only  that  in  general  they  are  oftener  found 
fo  than  otherwife.  They  are  all  filled  with  the 
fubftance  which  furrounds  them,  whether  found 
in  horizontal  ftrata,  or  in  perpendicular  fiffures, 
becaufe  both  have  been  formed  by  the  waters, 
although  at  different  times  and  in  different 
manners.  Thofe  found  in  horizontal  ftrata  of 
ftone,  marble,  &c.  have  been  depofited  by  the 
motion  of  the  waves  of  the  fea,  and  thofe  in 
flints,  cornelians,  and  all  matters  which  are  in 
the  perpendicular  fiflures  have  been  produced 
by  the  particular  motion  of  a fmall  quantity  of 
water,  loaded  with  lapidific  or  metallic  fub- 
ftances. In  both  cafes  thefe  matters  were  re- 
duced into  a fine  and  impalpable  powder,  which 
has  filled  the  fhells  fo  fully  and  abfolutely,  as 
not  to  have  left  the  leaft  vacuum. 

There  is  therefore  in  ftone,  marble,  &c.  a 
great  multitude  of  fhells  which  are  whole, 
beautiful,  and  fo  little  changed,  that  they  may 
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be  eafily  compared  with  the  fhells  preferved  in 
cabinets,  or  found  on  the  fea  fhores. 

Woodward,  in  pages  23  and  24,  proceeds, 
u There  are,  befides  thefe,  great  multitudes  of 
fhells  contained  in  (tones,  &c.  which  are  entire 
and  abfolutely  free  from  any  fuch  mineral  mix- 
ture ; which  may  be  compared  with  thofe  at 
this  time  feen  on  our  fhores,  and  which  will  be 
found  not  to  have  any  difference,  being  pre- 
cifely  of  the  fame  figure  and  fize  ; of  the  fame 
fubftance  and  texture  as  the  peculiar  matter 
which  compofes  them  is  the  fame,  and  is  dif- 
pofed  and  arranged  in  the  fame  manner  ; the 
dire£tion  of  their  fibres  and  fpiral  lines  are  the 
fame,  the  compofition  of  the  fmall  lama  formed 
by  their  fibres  is  the  fame  in  the  one  as  the 
other  ; we  fee  in  the  fame  part  veftigia  of  ten- 
dons, by  means  of  which  the  animal  was  fatten- 
ed and  joined  to  its  fhell;  we  fee  the  fame  tu- 
bercles, ftria  and  pipes  ; in  fhort  the  whole  is 
alike,  whether  within  or  without  the  fhell,  in 
its  cavity  or  on  its  convexity,  in  its  fubftance 
or  on  its  fuperficies.  In  other  refpe£ts  thefe 
foflil  fhell-fifh  are  fubje£t  to  the  fame  common 
accidents  as  thofe  of  the  fea  ; for  example,  they 
fometimes  grow  to  one  another,  the  leaft  are 
adherent  to  the  large  ; they  have  vermicular 
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conduits  ; pearls  are  found  therein,  and  other 
fimiiar  matters  which  have  been  produced  by 
the  animal  when  it  inhabited  its  fhell  , and 
what  is  very  confiderable,  their  fpecific  gravity 
is  exa&ly  the  fame  as  that  of  their  kind  found 
actually  in  the  fea  ; in  all  chymical  experiments 
they  anfwer  exactly  with  fea-fhells  ; when  dif- 
folved  they  have  the  fame  appearance,  fmelt 
and  tafte  ; in  a word,  their  refemblance  is  per- 
fectly exaCt. 

I have  often  obferved  with  aftonifhment,  as 
I have  already  faid,  whole  mountains,  chains  of 
rocks,  enormous  banks  of  quarries,  fo  full  of 
fhells  and  other  wrecks  of  marine  productions, 
that  their  bulk  furpafled  that  of  the  matter  in 
which  they  wTere  depofited. 

I have  feen  cultivated  fields  fo  full  of  petri- 
fied cockles  that  a man  might  pick  them  up  with 
his  eyes  fhut,  others  covered  with  cornu  am- 
monis,  and  fome  with  cardites,  and  the  more 
we  examine  the  earth,  the  more  wre  fhall  be 
convinced  that  the  number  of  thefe  pétrifica- 
tions is  infinite,  and  conclude,  that  it  is  impof- 
fible  that  all  the  animals  which  inhabited  thefe 
fhells  exifted  at  one  time. 

I have  made  an  obfervation,  that  in  all  coun- 
tries where  we  find  a very  great  number  of  pe- 
trified 
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trifieç}  {hells  in  the  cultivated  lands  which  are 
whole,  well  preferved  and  totally  apart,  have 
been  divided  by  the  aélion  of  the  froft,  which 
deftroys  the  (lone  and  fuffers  the  petrified  {hells 
to  fubfift  a longer  time. 

This  immenfe  quantity  of  marine  foffils 
found  in  fomany  places,  proves  that  they  could 
not  have  been  tranfported  thither  by  the  de- 
luge ; for  if  thefe  {hells  had  been  brought  on 
the  earth  by  a deluge,  the  greateft  part  would 
have  remained  on  the  furface  of  the  earth,  or 
at  leaft  would  not  have  entered  to  the  depth  of 
feven  or  eight  hundred  feet  in  the  moft  folid 
marble. 

In  all  quarries  thefe  {hells  form  a {hare  of  the 
internal  part  of  the  ftone,  fometimes  externally 
covered  with  ftala£tites,  which  is  much  lefs  an- 
cient matter  than  ftone,  which  contains  {hells. 
Another  proof  this  happened  not  by  a deluge 
is,  that  bones,  horns,  claws,  &c.  of  land  ani- 
mals, are  found  but  very  rarely,  and  not  at  all 
in  marble  and  other  hard  ftone  ; whereas  if  it 
was  the  effedft  of  a deluge,  where  all  muft  have 
periftied,  we  fhould  meet  with  the  remains  of 
land  animals  as  well  as  thofe  of  the  fea. 

It  is  a vain  fuppofition  to  pretend  that  all 
the  earth  was  diflblved  at  the  deluge,  nor  can 
vol.  i.  LI  we 
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we  give  any  foundation  to  filch  idea,  but  by 
fuppofing  a fécond  miracle,  to  give  the  water 
the  property  of  a univerfal  diffolvent.  Befides,. 
what  annihilates  the  fuppofition  and  renders  it 
even  contradictory  is,  that  if  all  matters  were 
diflolved  by  that  water,  yet  fhells  have  not  been 
fo,  fince  we  find  them  entire  and  well  preferved 
in  all  the  mattes  which  are  faid  to  have  been 
diflolved  ; this  evidently  proves  that  there  never 
was  fuch  diflolution,  and  that  the  arrangement 
of  the  parallel  flrata  was  not  made  in  an  inftant, 
but  by  fucceflive  fediments  : for  it  is  evident  to 
all  who  will  take  the  trouble  of  obferving^that 
the  arrangement  of  all  the  materials  which  com- 
pofe  the  globe,  is  the  work  of  the  waters.  The 
queftion  therefore  is  only  whether  this  arrange- 
ment was  made  at  once,  or  in  a length  of  time  : 
now  we  have  fhewn  it  could  not  be  done  all  at 
once,  becaufe  the  materials  have  not  kept  the 
order  of  fpecific  weight  , and  there  has  not  been  a 
general  diflolution  ; therefore  this  arrangement 
mutt  have  been  produced  by  fediments  depofited 
in  fuccettion  of  time  ; any  other  revolution,  mo- 
tion, or  caufe,  would  have  produced  a very  dif- 
ferent arrangement.  Befides,  particular  revo- 
lutions, or  accidental  caufes  could  not  have  pro- 
ceed a fimilar  effeCt  on  the  whole  globe. 
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Let  us  fee  what  thehiftorian  of  the  Academy 
fays  on  this  fubjeft,  anno  1718,  p.  3.  “ The 
numerous  remains  of  extenfive  inundations,  and 
the  manner  in  which  we  muft  conceive  moun- 
tains to  have  been  formed,  fufficiently  proves 
that  great  revolutions  have  happened  to  the 
furface  of  the  earth.  As  far  as  we  have  been 
able  to  penetrate  we  find  little  elfe  but  ruins, 
wrecks,  and  vaft  bodies  heaped  up  together  and 
incorporated  into  one  mafs,  without  the  fmal- 
left  appearance  of  order  or  defign.  If  there  is 
fome  kind  of  regular  organization  in  the  ter- 
reftrial  globe  it  is  deeper  than  we  have  been 
able  to  examine,  and  all  our  refearches  muft 
terminate  in  digging  among  the  ruins  of  the 
external  coat,  but  which  will  ftill  find  fufticient 
employment  for  our  philofophers. 

“ M.  de  Juffieu  found  in  the  environs  of  St. 
Chaumont  a great  quantity  of  flaty  or  foliated 
ftones,  every  foliage  of  which  was  marked  with 
the  impreffion  of  a branch,  a leaf,  or  the  fnag- 
ment  of  a leaf  of  fome  plant  : the  reprefenta- 
tions  of  leaves  were  exa&ly  extended  as  if 
they  had  been  carefully  fpread  on  the  ftone  by 
the  hand  ; this  proves  they  had  been  brought 
thither  by  the  water  which  always  keeps  leaves 
f n that  ftate  : they  were  in  different  fituations, 
L 1 2 fometimes 
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fometimes  two  or  three  together.  It  may  eafily 
be  fuppofed  that  a leaf  depofited  by  water  upon 
foft  mud,  and  afterwards  covered  with  another 
layer  of  mud,  imprints  on  the  upper  the  image 
of  one  of  its  two  furfaces,  and  on  the  under  the 
image  of  the  other,  and  on  being  hardened  and 
petrified  would  appear  to  have  taken  different 
impreflions  : but,  however  natural  this  fuppo- 
fition  may  be,  the  fa£t  is  not  fo,  for  the  two 
laminæ  offtone  bear  impreflions  of  the  fame  fide 
of  the  leaf,  the  one  in  alto,  the  other  in  bas  re- 
lief. It  was  M.  Juffieu  who  made  thefe  ob- 
fervations  on  the  figured  ftones  of  St.  Chau- 
mont ; to  him  we  fhall  leave  the  explication, 
and  pafsto  objedls  which  are  more  general  and 
interesting. 

“ All  the  impreflions  on  the  ftones  of  St. 
Chaumont  are  of  foreign  plants  ; they  are  not 
to  be  found  in  any  part  of  France,  but  only  in 
the  Eaft  Indies  or  the  hot  climates  of  America  ; 
they  are  for  the  moft  part  capillary  plants,  ge- 
nerally of  the  fpecies  of  fern,  whofe  hard  and 
compact  coat  renders  them  more  able  to  imprint 
and  preferve  themfelves.  Some  leaves  of  Indian 
plants  imprinted  on  the  ftones  of  Germany  ap- 
peared aftonifhing  to  M.  Leibnitz,  but  here  we 
find  the  fame  wonderful  affair  infinitely  mul- 
tiplied. 


natural  history. 


261 

tiplied.  There  even  feems  in  this  refpedt  to 
be  an  unaccountable  deftination  of  nature,  for 
in  all  the  ftones  of  St.  Chaumont  not  a Tingle 
plant  of  the  country  has  been  found. 

“ It  is  certain,  by  the  number  of  foftil-fhells 
in  the  quarries  a nd  mountains,  that  this  coun- 
try, as  well  as  m any  others,  mu  ft  have  formerly 
been  covered  with  the  fea.  But  how  has  the 
American  or  Indian  fea  reached  thither  ? To 
explain  this,  and  many  other  wonderful  pheno- 
mena, it  may  be  fuppofed,  with  much  probabi- 
lity, that  the  fea  originally  covered  the  whole 
terreftrial  globe:  but  this  fuppofition  will  not 
hold  good,  becaufe  how  were  terreftrial  plants 
to  exift?  it  evidently,  therefore,  muft  have  been 
great  inundations  which  have  conveyed  the 
plants  of  one  country  into  the  o hers. 

“ M.  de  Juflieu  thinks,  that  as  the  bed  of 
the  fea  is  continually  riftng  in  confequence  of 
the  mud  and  fand  which  the  rivers  inccffantly 
convey  there,  the  fea,  at  firft  confined  between 
natural  dykes,  furmounted  them  and  was  dif- 
perfed  over  the  land,  and  that  the  dykes  were 
themfelves  undermined  by  the  waters  and  over- 
thrown therein.  In  the  earlieft  time  of  the  for- 
mation of  the  earth,  when  no  one  thing  had 
taken  a regular  form,  prodigious  and  fudden 

revolutions 


262 


buffon’s 


revolutions  might  then  have  been  made,  of 
which  we  no  longer  have  examples,  becaufe 
the  whole  is  now  in  fuch  a permanent  ftate, 
that  the  changes  mud  be  inconfiderable  and  by 
degrees. 

By  fome  of  thefe  great  revolutions  the  Eaft 
and  Weft  Indian  feas  may  have  been  driven  to 
Europe,  and  carried  with  them  foreign  plants 
floating  on  its  waters,  which  they  tore  up  in 
their  road  and  depofited  gently  in  places  where 
the  water  was  but  (hallow  and  would  foon  eva- 
porate. 


ARTICLE  IX. 

ON  THE  INEQUALITIES  OF  THE  SURFACE  OF 
THE  EARTH. 


rJpHE  inequalities  which  are  on  the  furfaceof 
the  earth,  and  which  might  be  regarded 
as  an  imperfeftion  to  its  figure,  are  neceflary 
to  preferve  vegetation  and  life  on  the  terreftrial 
globe.  To  be  aflured  of  this,  it  is  only  re- 
quifite  to  conceive  what  the  earth  would  be 
if  it  was  even  and  regular.  Inftead  of  agree- 
able 
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able  hills,  from  whence  pure  dreams  of  waters 
flow,  to  fupport  the  verdure  of  the  earth  ; in- 
ftead  of  thofe  rich  and  flourifhing  meadows, 
where  plants  and  animals  find  agreeable  fub- 
fiftence  ; a difmal  fea  would  cover  the  whole 
globe,  and  the  earth  deprived  of  all  its  valuable 
qualities,  would  only  remain  an  obfcure  and 
forfaken  planet,  at  belt  only  dtflined  for  the 
abode  of  fi flies. 

But  independent  of  moral  confiderations, 
which  feldom  form  a proof  in  philofophy,  there 
is  a phyfical  neceffity  why  the  earth  muft  be 
irregular  on  its  furface  ; for,  fuppofing  it  was 
perfectly  regular  in  its  origin,  the  motion  of 
the  waters,  the  fubterraneous  fires,  the  wind, 
and  other  external  caufes,  would,  in  courfe  of 
time,  have  neceflarily  produced  irregularities 
fimilar  to  thofe  now  feen. 

The  greateft  inequalities  next  to  the  eleva- 
tions of  mountains,  are  the  depths  of  the  ocean  ; 
this  depth  is  very  different  even  at  great  dif- 
tances  from  land  ; it  is  faid,  there  are  parts 
above  a league  deep,  but  thofe  are  few,  and 
the  moft  general  depths  are  from  60  to  150 
fathoms.  The  gulphs  bordering  on  the  coafts 
are  much  lefs  deep,  and  the  (traits  are  general- 
ly the  mod  (hallow. 
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To  found  the  depths  of  the  fea,  a piece  of 
lead  of  30  or  4olb.  is  made  ufe  of  fattened  to  a 
fmall  cord  : this  is  a good  method  for  common 
depths,  but  is  not  to  be  depended  upon  when 
the  depth  is  confiderable  ; becaufe  the  cord 
being  fpecifically  lighter  than  the  water,  after 
it  has  defcended  to  a certain  degree,  the  weight 
of  the  lead  and  that  of  the  cord  is  no  more  than 
a like  volume  of  water  ; then  the  lead  defcends 
no  longer,  but  moves  in  an  oblique  line,  and 
floats  at  the  fame  depth:  to  found  great  depths 
therefore  an  iron  chain  is  requifite,  or  fome 
fubttance  heavier  than  water.  It  is  very  pro- 
bable that  for  want  of  confidering  this  cir- 
cumftance,  navigators  tells  us  that  the  fea  in 
many  places  has  no  bottom. 

In  general,  the  profundities  in  open  feas  in- 
creafe  or  diminifh  in  a pretty  uniform  manner, 
and  commonly  the  farther  from  fhore  the  greater 
the  depth  ; yet  this  is  not  without  exception, 
there  are  places  in  the  midft  of  the  fea  where 
ihoals  are  found,  as  at  Abrolhos  in  the  Atlan- 
tic ; and  others  w here  there  are  banks  of  a 
very  confiderable  extent,  as  are  daily  experi- 
enced by  the  navigators  to  the  Eaft  Indies. 

So  likewife  along  fhore  the  depths  are  very 
unequal,  neverthelefs  we  may  lay  it  down  as  a 

certain 
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certain  rule,  that  the  depth  there  is  always 
proportionate  to  the  height  of  that  fhore.  It 
is  the  fame  in  great  rivers,  where  the  high 
fhores  always  announce  a great  depth. 

It  is  more  eafy  to  meafure  the  heights  of 
mountains,  whether  by  means  of  practical  geo- 
metry, or  by  the  barometer.  This  inftrument 
gives  the  height  of  a mountain  very  exactly, 
efpecialiy  in  a country  where  its  variation  is  not 
confiderable,  as  at  Peru,  and  under  the  other 
parts  of  the  equator.  By  one  or  other  of  thefe 
methods,  the  height  of  molt  eminences  have 
been  meafured  ; for  example,  it  has  been  found 
that  the  highefl  mountains  of  Switzerland  are 
about  1600  fathoms  higher  than  Canigau, 
which  is  one  of  the  moft  elevated  of  the  Pyren- 
nees;  thofe  mountains  appear  to  be  the  higheft 
in  Europe,  fince  a great  quantity  of  rivers  flow 
from  them,  which  carry  their  water  into  very 
remote  and  different  feas,as  the  Po,  which  flows 
into  the  Adriatic  ; the  Rhine,  which  lofes  itfelf 
in  the  fands  in  Holland  ; the  Rhone,  which  falls 
into  the  Mediterranean  ; and  the  Danube,  which 
goes  to  the  Black  Sea.  Thefe  four  rivers,  whofe 
mouths  are  fo  remote  from  each  other,  all  de- 
rive a part  of  their  waters  from  Mount  Saint 
Godard  and  the  neighbouring  mountain,  which 
vol.  1.  Mm  proves 
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proves  that  this  place  is  the  higheft  in  all  Eu- 
rope. The  higheft  mountains  in  Afia  are  Mount 
Taurus,  Mount  Imaus,  Gaucafus,  and  the 
mountains  of  Japan,  all  which  are  loftier  than 
thofe  of  Europe  ; the  mountains  in  Africa,  as 
the  Great  Atlas,  and  the  Mountains  of  the 
Moon,  are  at  leaft  as  high  as  thofe  in  Afia,  and 
the  higheft  of  all  are  in  South  America,  parti- 
cularly thofe  of  Peru,  which  are  more  than  3000 
fathoms  above  the  level  of  the  fea.  In  general 
the  mountains  between  the  tropics  are  loftier 
than  thofe  of  the  temperate  zones,  and  thefe 
more  than  the  frigid  zones,  fo  that  the  nearer 
we  approach  the  equator,  the  greater  are  the  in- 
equalities of  the  earth.  Thefe  inequalities,  al- 
though very  confiderable  with  refpefl:  to  us, 
are  fcarcely  any  thing  when  confidered  with 
refpeft  to  the  whole  globe.  Three  thoufand  fa- 
thom difference  to  3000  leagues  diameter,  is  but 
one  fathom  to  a league,  or  one  foot  to  2200 
feet,  which  on  a globe  of  feet  diameter,  does 
not  make  the  16th  part  of  a French  line.  Thus 
the  earth,  which  appears  to  us  crofted  and  in- 
terfered by  the  enormous  height  of  mountains, 
and  by  a frightful  depth  of  fea,  is  neverthelefs, 
relative  to  its  fize,  but  {lightly  furrowed  with 
irregularities,  fo  very  trifling,  that  they  can 

caufe 
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oaufe  no  difference  to  the  general  figure  of  the 
globe.  In  continents  the  mountains  are  conti- 
nued and  form  chains.  In  iflands,  they  are 
more  interrupted,  and  generally  raifed  above 
the  fea,  in  the  forms  of  cones  or  pyramids,  and 
are  called  peaks.  The  peak  of  Teneriffe,  in 
the  ifland  of  Fer,  is  one  of  the  higheft  moun- 
tains on  the  earth  ; it  is  near  a league  and  a half 
perpendicular  above  the  level  of  the  fea  ; the 
peak  of  St.  George,  in  one  of  the  Azores,  and 
the  peak  of  Adam,  in  the  ifland  of  Ceylon,  are 
alfo  very  lofty.  Thefe  peaks  are  compofed  of 
rocks,  heaped  one  upon  the  other,  and  they 
vomit  from  their  fummits  fire,  cinders,  bitu- 
men, minerals,  and  flones.  There  are  iflands 
which  are  only  tops  of  mountains,  as  of  St. 
Helena,  Afcenfion,  moft  of  the  Azores,  and 
Canaries.  We  muft  remark.,  that  in  moft  of 
the  iflands,  promontories,  and  other  projecting 
lands  in  the  fea,  the  middle  is  always  the 
higheft;  and  they  are  generally  feparated  by 
chains  of  mountains,  which  divide  them  in 
their  greateft  length,  as  (Granflbain)  the 
Grampian  mountains  in  Scotland,  which  ex- 
tend from  eaft  to  weft,  and  divide  Great  Bri- 
tain into  two  parts.  It  is  the  fame  with  the 
iflands  of  Sumatra,  Lucca,  Borneo,  Celebes, 
M m 2 Cuba, 
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Cuba,  St.  Domingo,  and  the  peninfula  of  Ma- 
laya, &c.  and  alfo  Italy,  which  is  traverfed 
through  its  whole  length  by  the  Apennine 
mountains. 

Mountains,  as  we  find,  differ  greatly  in 
height  ; the  hills  are  loweft,  after  them  come 
the  mountains  of  a moderate  height,  which 
are  followed  by  a third  rank  {till  higher,  which, 
like  the  preceding,  are  generally  loaded  with 
trees  and  plants,  but  which  furnifh  no  fprings 
except  at  their  bottoms.  In  the  higheft  moun- 
tains we  find  only  fand,  {tones,  flints,  and 
rocks,  whofe  fummits  often  rife  above  the 
clouds.  Exaétly  at  the  foot  of  thefe  rocks 
there  are  fmall  fpaces,  plains,  hollows,  and 
kinds  of  vallies,  where  the  rain,  fnow,  and  ice 
remain,  and  form  ponds,  moraffes,  and  fprings, 
from  whence  rivers  derive  their  origin. 

The  form  of  mountains  is  alfo  very  different  : 
fome  form  chains  whofe  height  is  nearly  equal 
in  a long  extent  of  foil,  others  are  divided 
by  deep  vallies  ; fome  are  regular,  and  others 
as  irregular  as  poflible  ; and  fometimes  in  the 
middle  of  a valley  or  plain,  we  find  a little 
mountain.  There  are  alfo  two  forts  of  plains, 
the  one  in  the  low  lands,  the  other  in  moun- 
tains. The  firfl:  are  generally  divided  by  fome 

large 
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large  river  : the  others,  though  of  a very  con- 
fiderable  extent,  are  dry,  and  at  fartheft  have 
only  a fmall  rivulet.  Thefe  plains  on  moun- 
tains are  often  very  high,  and  difficult  of  accefs  ; 
they  form  countries  above  other  countries,  as 
in  Auvergne,  Savoy,  and  many  other  high 
places  : the  foil  is  firm,  and  produces  much 
grafs,  and  odoriferous  plants,  which  render 
thefe  plains  the  beft  pafture  in  the  world. 

The  fummits  of  high  mountains  are  com- 
pofed  of  rocks  of  different  heights,  which  re- 
ferable from  a diftance  the  waves  of  the  fea. 
It  is  not  on  this  obfervation  alone  we  can  rely 
that  the  mountains  have  been  formed  by  the 
waves,  I only  relate  it  becaufe  it  accords  with 
the  reft  : but  that  which  evidently  proves  that 
the  fea  once  covered  and  formed  mountains, 
are  the  fhells  and  other  marine  productions 
found  throughout  in  fuch  great  quantities, 
.that  it  is  not  poffible  for  them  to  have  been 
tranfported  by  the  fea  into  fuch  remote  con- 
tinents, and  depofited  to  fuch  confiderable 
depths  ; to  this  may  be  added,  the  horizontal 
and  parallel  ftrata  every  where  met  with,  and 
which  can  only  have  been  formed  by  the  waters. 
The  compofition  even  of  the  hardeft  matters, 
as  ftone  and  marble,  prove  they  had  been  re- 
duced 
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duced  into  fine  powder  before  their  formation, 
and  precipitated  to  the  bottom  of  the  water  in 
form  of  a fediment  : it  is  alfo  proved  by  the 
exadnefs  with  which  foflil-fhells  are  moulded 
in  thofe  matters  in  which  they  are  found  ; the 
infide  of  thefe  (hells  are  abfolutely  filled  with 
the  fame  matters  as  that  in  which  they  are  en- 
clofed  ; the  correfponding  angles  of  mountains 
and  hills,  which  no  other  caufe  than  the  cur- 
rents of  the  fea  could  have  been  able  to  form  ; 
the  equality  in  the  height  of  oppofite  hills,  and 
beds  of  different  matters,  formed  at  the  fame 
levels,  and,  in  fhort,  the  direction  of  moun- 
tains, whofe  chains  extend  in  length  in  the 
fame  direction  as  the  waves  of  the  fea  extend, 
inconteftibly  demonftrate  the  fa£t. 

With  refpe£t  to  the  depths  on  the  furface  of 
the  earth,  the  greateft,  without  contradiction, 
are  the  depths  of  the  fea;  but  as  they  do  not 
prefent  themfelves  to  our  fight,  and  as  we  can 
only  judge  of  them  by  the  plumb  line,  we 
(hall  only  fpeak  of  thofe  which  appear  on 
dry  land,  fuch  as  the  deep  vallies  between 
mountains,  the  precipices  between  rocks,  the 
abyffes  perceived  from  the  tops  of  mountains, 
as  tbe  abyfs  of  Mount  Ararat,  the  precipices 
of  the  Alps,  the  vallies  of  the  Pyrennees,  &c* 

Thefe 
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Thefe  depths  are  a natural  confequence  of  the 
elevation  of  mountains  ; they  receive  the  wa- 
ters and  the  earth  which  flow  from  the  moun- 
tains^ and  the  foil  is  generally  very  fertile,  and 
are  fully  inhabited. 

The  precipices  which  are  between  rocks  are 
frequently  formed  by  the  finking  of  one  fide, 
the  bafe  of  which  fometimes  gives  way  more 
on  one  fide  than  the  other,  by  the  action  of  the 
air  and  froft,  which  fplits  and  divides  them, 
or  by  the  impetuous  violence  of  torrents.  But 
thefe  abyfles,  or  vaft  and  enormous  precipices* 
found  at  the  fummits  of  mountains,  and  to  the 
bottom  of  which  it  is  not  poflible  fometimes  to 
defcend,  although  they  are  above  a mile,  or  a 
mile  and  a half  round,  have  been  formed  by  the 
fire.  Thefe  were  formerly  the  funnels  of  vol- 
canos, and  all  the  matter  which  is  there  defi- 
cient has  been  ejected  by  the  adtion  and  ex- 
plofion  of  thefe  fires,  which  are  fince  extin- 
guifhed  through  a defedt  of  combuflible  mat- 
ter. The  abyfs  of  Mount  Ararat,  of  which 
M.  Tournefort  gives  a defcription  in  his 
voyage  to  the  Levant,  is  furrounded  with  black 
and  burnt  rocks,  as  one  day  the  abyfles  of 
Etna,  Vefuvius,  and  other  volcanos,  will  be, 

when 


2J2  BUFFON’S 

when  they  have  confumed  all  the  combudiblc 
matters  they  include. 

In  Plots’  Natural  Hidory  of  Staffordfhire, 
in  England,  a kind  of  gulph  is  fpoken  of  which 
has  been  founded  to  the  depth  of  2600  perpen- 
dicular feet  without  meeting  with  any  water, 
or  the  bottom  being  found,  as  the  rope  was 
not  of  fufficient  length  to  reach  it. 

Greated  cavities  and  deeped  mines  are  ge- 
nerally in  mountains,  and  they  never  defcend 
to  a level  with  the  plains,  therefore,  by  thefe 
cavities  we  are  only  acquainted  with  the  infide 
of  a mountain,  and  not  with  the  internal  part 
of  the  globe  itfelf. 

Befides,  thefe  depths  are  not  very  confider- 
able.  Ray  aflerts  that  the  deeped  mines  are 
not  above  half  a mile  deep.  The  mine  of  Cot- 
teberg,  which  in  the  time  of  Agricola  paded  for 
the  deeped  of  all  known  mines,  was  only  2500 
feet  perpendicular.  It  is  evident  there  are  holes 
in  certain  places,  as  that  in  Staffordfhire,  or 
Pool's  Hole,  in  Derbylhire,  the  depth  of  which 
is  perhaps  greater  ; but  all  this  is  nothing  in 
comparifon  with  the  thicknefs  of  the  globe. 

If  the  Kings  of  Egypt,  indead  of  having 
creeled  pyramids,  and  raifed  fuch  fumptuous 
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ihonuments  of  their  riches  and  vanity,  had  been 
at  the  fame  expence  to  found  the  earth,  and 
make  a deep  excavation  to  the  depth  of  a league, 
they,  perhaps,  might  have  found  fubftances 
which  would  have  amply  recompenfed  the 
trouble,  labour,  and  expence,  or  at  lead  we 
fliould  have  received  information  on  the  mat- 
ters of  which  the  internal  part  of  the  globe  is 
compofed,  which  might  have  been  very  ufeful, 
and  which  we  at  prefent  have  not. 

But  let  us  return  to  the  mountains  ; the 
higheft  are  in  the  fouthern  countries,  and  the 
nearer  we  approach  the  equator,  the  more  in- 
equalities we  find  on  the  furface  of  the  globe. 
This  is  eafy  to  prove,  by  a (hort  enumeration 
of  the  mountains  and  iflands. 

In  America,  the  chain  of  the  Cordeliers, 
the  higheft  mountains  of  the  earth,  is  exactly 
under  the  equator,  and  extends  on  the  two 
Tides  far  beyond  the  tropic  circles. 

In  Africa,  the  higheft  mountains  of  the  Moon, 
and  Monomotapa,the  great  and  the  little  Atlas, 
are  under  the  equator,  or  not  far  from  it. 

In  Afia,  Mount  Caucafüs,  the  chain  of  which 
extends  under  different  names  as  far  as  the 
mountains  of  China,  is  nearer  the  equator 
than  the  poles. 

vox.  r.  N n In 


buffon’s 


274 

In  Europe,  the  Pyrennees,  the  Alps,  an<J 
mountains  of  Greece,  which  are  only  the  fame 
chain,  are  ftill  lefs  diftant  from  the  equator 
than  the  poles. 

Now  thefe  mountains  which  we  have  enu- 
merated, are  all  higher,  more  confiderable  and 
extended  in  length  and  breadth  than  the  moun- 
tains of  the  northern  countries. 

With  refpedl  to  their  direction,  the  Alps 
form  a chain  which  erodes  the  whole  continent 
from  Spain  to  China.  Thefe  mountains  be- 
gin at  the  fea  coaft  of  Galicia,  reach  to  the 
Pyrennees,  crofs  France,  by  Vivares,  and  Au- 
vergne, pafs  through  Italy,  and  extend  into 
Germany,  beyond  Dalmatia,  as  far  as  Mace- 
donia ; from  thence  they  join  with  the  moun- 
tains of  Armenia,  Caucafus,  Taurus,  Imaus, 
and  extend  as  far  as  the  Tartarian  fea.  So 
like  wife  Mount  Atlas  traverfes  the  whole  con- 
tinent of  Africa,  from  weft  to  eaft,  from  the 
kingdom  of  Fez  to  the  Straits  of  the  Red  Sea  ; 
and  the  Mountains  of  the  Moon  have  the  fame 
direction. 

But  in  America,  the  direction  is  quite  con- 
trary, and  the  chains  of  the  Cordeliers  and 
other  mountains  extend  from  fouth  to  north 
more  than  from  eaft  to  weft. 
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What  we  have  now  faid  on  the  great  emi- 
nences of  the  earth,  may  alfo  be  obferved  on 
the  greateft  depths  of  the  fea.  The  vaft  and 
higheft  feas  are  nearer  the  equator  than  the 
poles;  and  there  refults  from  this  obfervation, 
that  the  greateft  inequalities  of  the  globe  is  in 
the  fouthern  climate.  Thefe  irregularities  on 
the  furface  of  the  earth,  are  the  caufes  of  an 
infinity  of  extraordinary  effe£ts  : for  example, 
between  the  Indus  and  the  Ganges,  there  is  a 
large  peninfula,  which  is  divided  through  its 
middle  by  a chain  of  high  mountains  called 
the  Gate,  and  which  extends  from  north  to 
fouth,  from  the  extremities  of  Mount  Caucafus 
to  Cape  Comorin  ; on  one  is  the  coaft  of  Ma- 
labar, and  the  other  Coromandel  ; on  the  fide 
of  Malabar,  between  this  chain  of  mountains 
and  the  fea,  the  fummer  feafon  lafts  from  Sep- 
tember to  April,  during  which  the  iky  is  ferene 
and  dry  ; on  the  other  fide  the  Coromandel, 
the  above  period  is  their  winter,  and  it  rains 
every  day  plentifully  ; and  from  the  month  of 
April  to  the  month  of  September  is  their  fum- 
mer, whereas  it  is  winter  in  Malabar  ; info- 
much,  that  in  many  places,  which  are  fcarcely 
20  miles  diftant,  we  may,  by  crofting  the  moun- 
tains, change  feafons.  It  is  faid  that  the  fame 
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thing  takes  place  at  Razalgat  in  Arabia,  and 
at  Jamaica,  which  is  divided  through  its  mid- 
dle by  a chain  of  mountains,  whofe  dire&ion 
is  from  eaft  to  weft,  and  that  he  plantations 
to  the  fouth  of  thefe  mountains  feel  the  fum- 
mer  heat,  at  the  time  thofe  to  the  north  en- 
dure the  rigor  of  winter. 

Peru,  which  is  fituated  under  the  line,  and 
extends  about  a thoufand  leagues  to  the  fouth, 
is  divided  into  three  long  and  narrow  parts, 
thefe  the  natives  call  Lanos,  Sierras,  and  An- 
des. The  Lanos,  which  comprehends  the 
plains,  extends  along  the  coaft  of  the  South 
Sea  : the  Sierras  are  hills  with  fome  vallies, 
and  the  Andes  are  the  famous  Cordeliers, 
the  higheft  mountains  that  are  known.  The 
Lanos  is  about  ten  leagues  in  breadth  ; in  many 
places  the  Sierras  are  twenty  leagues  broad,  and 
the  Andes  in  fome  places  more  and  in  fome  lefs. 
The  breadth  is  from  eaft  to  weft,  and  the  length 
from  north  to  fouth.  This  part  of  the  world  is 
remarkable  for  the  following  particulars  : firft. 
In  the  Lanos  the  wind  almoft  conftantly  blows 
from  the  fouth-weft,  which  is  contrary  to  what 
happens  in  the  torrid  zone:  fecondly,  It  never 
rains  nor  thunders  in  the  Lanos,  although  there 
is  plenty  of  dew:  thirdly,  It  almoft  continually 
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rains  in  the  Andes  : fourthly,  In  the  Sierras, 
between  the  Lanos  and  the  Andes,  it  rains 
from  September  to  April. 

It  was  for  a long  time  fuppofed,  that  the 
chains  of  the  high  mountains  run  from  weft  to 
.eaft,  till  the  contrary  was  found  in  America. 
But  no  perfon  before  M.  Bourguet  difeovered 
the  furprifing  regularity  of  the  ftructure  of 
thofe  great  maftes  : he  found,  (after  having 
croffed  the  Alps  30  times  in  14  different  parts 
of  it,  twice  over  the  Apennine  mountains, 
and  made  divers  tours  in  the  environs  of  thefe 
mountains,  and  of  Mount  Jura,)  that  all 
mountains  are  formed  nearly  after  the  manner 
of  works  of  a fortification.  When  the  body 
of  the  mountain  runs  from  eaft  to  weft,  it 
forms  prominences,  which  face  the  north  and 
fouth  ; this  wonderful  regularity  is  fo  ftriking 
in  vallies,  that  we  feem  to  walk  in  a very  regu- 
lar covered  way  ; if,  for  example,  we  travel  in 
valley  from  north  to  fouth,  we  perceive  that 
the  mountain  on  the  right  forms  projections 
which  front  the  eaft,  and  thofe  of  the  moun- 
tain on  the  left  front  the  weft,  fo  that  the  fa- 
liant  angles  of  one  fide  reciprocally  anfwer  the 
returning  angles  of  the  other,  which  are  always 
alternatively  oppofed  to  them.  The  angles 
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which  mountains  form  in  great  vallies  are  lefs 
acute,  becaufe  the  direction  is  lefs  fteep,  and 
they  are  farther  diftant  from  each  other.  In 
plains  they  are  not  fo  perceptible,  except  by 
the  banks  of  rivers,  which  are  generally  in  the 
middle  of  them,  and  whofe  natural  windings 
anfwer  the  moft  advanced  angles  or  ftriking 
projetions  of  the  mountains.  It  is  aftonifh- 
ing  fo  vifible  a thing  was  fo  long  unobferved, 
for  when  in  a valley  the  inclination  of  one  of 
the  mountains  which  border  it  is  lefs  fteep 
than  that  of  the  other,  the  river  takes  its  courfe 
much  nearer  the  fteepeft  mountain,  and  does 
not  flow  through  its  middle. 

To  thefe  obfervations  we  may  join  other 
particular  ones,  which  confirm  them  ; for  ex- 
ample, the  mountains  of  Switzerland  are  much 
more  fteep,  and  their  diredlion  much  greater 
on  the  fouih  fide  than  on  the  north,  and  on  the 
weft  fide  than  on  the  eaft.  This  may  be  per- 
ceived in  the  mountains  of  Gemmi,  Brifa,  and 
almoft  every  other  mountain  in  this  country. 
The  higheft  are  thofe  which  feparate  Vallefia 
and  the  Grifons  from  Savoy,  Piedmont  and 
Tirol.  Thefe  countries  are  only  a continua- 
tion of  thefe  mountains,  the  chain  of  which 
extends  to  the  Mediterranean,  and  continues 
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èven  pretty  far  under  the  fea.  The  Pyrennees 
are  alfo  only  a continuation  of  that  vaft  moun- 
tain which  begins  in  Upper  Valefia,  and  whofc 
branches  extend  very  far  to  the  weft  and  fouth* 
preferving  throughout  the  fame  great  height, 
whereas  on  the  fide  of  the  north  and  of  theeaft 
thefe  mountains  grow  lower  by  degrees,  till 
they  become  plains  ; as  we  fee  by  the  large  tra<5l 
which  the  Rhine  and  Danube  water  before  they 
reach  their  mouths,  whereas  the  Rhone  defcends 
with  rapidity  towards  the  fouth  into  the  Me- 
diterranean. The  fame  obfervation  is  found 
to  hold  good  in  the  mountains  of  England  and 
Norway  ; but  the  part  of  the  world  where  this 
is  moft  evidently  feen  is  at  Peru  and  Chili  ; 
the  Cordeliers  are  cut  very  fharpjy  on  thewef- 
tern  fide,  the  length  of  the  Pacific  Ocean, 
whereas  on  the  eaftern  fide  they  lower  by  de- 
grees into  large  plains,  watered  by  the  greateft 
rivers  of  the  world 

M.  Bourguet,  to  whom  we  owe  this  great 
difcovery  of  the  correfpondence  of  the  angles 
of  mountains,  terms  it  “ The  Key  of  the  Theory 
of  the  Earth  neverthelefs,  it  appears  to  me, 
that  if  he  had  conceived  all  the  importance  of 
it,  he  would  more  fuccefsfully  have  made  ufe  of 
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it,  by  coftne&ing  it  with  fuitable  fadls,  and 
would  have  given  a more  probable  theory  of  the 
earth  ; whereas  in  his  treatife  he  prefents  only 
the  fkeleton  of  an  hypothetical  fyftem,  moft  of 
the  conclufions  of  which  are  falfe  or  precarious. 
The  theory  we  have  given  turns  on  four  prin- 
cipal faits* which  cannot  be  doubted,  after  the 
proofs  have  been  examined  on  which  they  are 
founded.  The  firft  is,  that  the  earth  is  every 
where,  and  to  confiderable  depths,  compofed  of 
parallel  ft  rata,  and  matters  which  have  formerly 
been  in  a ftate  of  foftnefs:  the  fécond,  that  the 
fea  has  for  ages  covered  the  earth  which  we 
now  inhabit  ; the  third,  that  the  tides  and  other 
motions  of  the  waters  produce  inequalities  at 
the  bottom  of  the  fea  ; and  the  fourth,  that  the 
mountains  have  taken  their  form  and  the  corre- 
fpondent  direction  from  the  currents  of  the  fea. 

After  having  read  the  proofs  which  the  fol- 
lowing articles  contain,  it  may  be  determined, 
whether  I was  wrong  to  aftert,  that  thefe  cir- 
cumftances  folidly  eftablifhed  alfo  afcertains  the 
truth  of  the  theory  of  the  earth.  What  I have 
faid  on  the  formation  of  mountains  has  no  need 
of  a more  ample  explanation  ; but  as  it  might 
be  obje&ed  that  I do  not  aflign  a reafon  for 
the  formation  of  the  peaks  or  points  of  moun- 
tains. 
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tains,  no  more  than  for  fome  other  particular 
circumftances,  fhall  add  the  obfervations  and 
reflections  which  I have  made  on  this  fubjedt. 

I have  endeavoured  to  form  a clear  and  ge- 
neral idea  of  the  manner  in  which  the  different 
matters  that  compofe  the  earth  are  arranged, 
and  it  appears  to  me,  they  may  be  reduced 
into  two  general  clafles  : the  firft  includes  all 
the  matters  we  find  placed  in  ftrata  or  beds 
horizontally  or  regularly  inclined  ; and  the  fé- 
cond comprehends  all  matters  formed  in  maf- 
fes,  or  in  veins,  either  perpendicular  or  irregu- 
larly inclined.  In  the  firft  clafs  are  included 
fands,  clays,  granate,  flints,  free-ftone,  coals, 
fiâtes,  marls,  chalks,  calcinable  ftones,  marbles, 
&c.  In  the  fécond  I rank  metals,  minerals, 
cryftals,  precious  ftones  and  fmall  flints  : thefe 
two  clafles  generally  comprehend  all  the  known 
materials  of  the  earth.  The  firft  owe  their 
origin  to  the  fediments  carried  away  and  de- 
pofited  by  the  fea,  and  fhould  be  diftinguifhed 
into  thofe  which,  being  aflayed  in  the  fire,  cal- 
cine and  are  reduced  into  lime,  and  thofe  which 
fufe  and  are  convertible  into  glafs.  The  ma- 
terials of  the  fécond  clafs  are  all  verifiable,  ex- 
cepting thofe  which  the  fire  entirely  confumes 
by  inflammation. 
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In  the  firft  clafs  we  diftinguiffi  two  kinds  of 
fands,  the  one  which  is  more  abundant  than 
any  other  matter  of  the  globe,  is  vitrifiable,  or 
rather  is  only  fragments  of  adhial  glafs  ; the 
other,  whofe  quantity  is  much  lefs,  is  calcin- 
able,  and  muft  be  looked  upon  as  the  powder 
of  ftone,  and  which  differs  only  from  gravel 
by  the  fize  of  the  grains.  The  vitrifiable  fand 
is,  in  genera],  depofited  in  beds,  but  are  often 
interrupted  by  maffes  of  free-ftone,  granate, 
and  flint  ; and  fometimes  thefe- matters  are  alfa 
in  banks  of  great  extent. 

By  examining  thefe  vitrifiable  matters,  we 
find  only  a few  fea  fhells  there,  and  thofe  not 
placed  in  beds,  but  difperfed  about  as  if  thrown 
there  by  chance.  For  example,  I have  never 
feen  them  in  free-ftone  ; that  ftone  which  is 
very  plenty  in  certain  places,  is  only  compofe<J 
of  fandy  parts,  which  are  re-united,  and  are 
only  met  with  in  fandy  foils  ; and  the  quarries 
of  it  are  generally  in  peaked  hills  and  in  divid- 
ed eminences.  We  may  work  thefe  quarries  in 
all  directions,  and  if  they  are  in  large  beds, 
they  areyinuch  farther  from  each  other  than  in 
quarries  of  calcinable  ftone  or  marble.  Blocks 
of  free-ftone  may  be  cut  of  all  dimenfions  and 
in  all  dire&ionsj  although  it  is  difficult  to  work. 
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ït  neverthelefs  has  but  a degree  of  hardnefs  fuf- 
ficient  to  refill  powerful  ftrokes  without  fplit- 
ting:  for  friélion  eafily  reduces  it  into  fand, 
excepting  certain  black  pieces  found  therein, 
and  which  are  fo  very  hard,  that  the  befl  files 
cannot  touch  them.  Rock  is  verifiable  as  free- 
ftone,  and  of  the  fame  nature,  only  it  is  harder, 
and  the  parts  more  connected.  This  alfo  con- 
tains many  hard  pieces,  as  may  eafily  be  re- 
marked on  the  fummits  of  high  mountains, 
which  cuts  and  tears  the  ihoes  of  travellers. 
This  rocky  ftone,  which  is  found  at  the  top  of 
high  mountains,  and  which  I look  upon  as  a 
kind  of  granate,  contains  a great  quantity  of 
talky  leaves,  and  is  fo  hard  as  not  to  be  worked 
but  by  an  infinite  deal  of  labour. 

I have  narrowly  examined  thefe  fharp  pieces 
which  are  found  in  free-ftone  and  rock,  and 
have  difeovered  it  to  be  a metallic  matter  melt- 
ed and  calcined  by  a very  violent  fire,  and  wrhich 
perfectly  refembles  certain  fubftances  thrown 
out  by  the  volcanos,  of  which  I faw  a great 
quantity  when  I was  in  Italy,  where  the  people 
called  them  Schiarri.  They  are  very  heavy 
black  maffes,  on  \vhich  neither  fire,  water,  nor 
the  file,  can  make  any  impreffion,  and  the  mat- 
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ter  of  which  is  different  from  that  of  the  lava  ; 
for  this  is  a kind  of  glafs,  whereas  the  other  ap- 
pears to  be  more  metallic  than  vitreous.  The 
fharp  pieces  in  free-ftone  and  rock,  refemble 
greatly  this  firft  matter,  which  feems  {till  to 
prove  that  all  thefe  matters  have  been  formerly 
liquefied  by  fire. 

We  fometimes  fee  on  the  upper  parts  of 
mountains,  a prodigious  quantity  of  blocks  of 
this  mixed  rock  ; their  pofition  is  fo  irregular, 
that  they  appear  to  have  been  thrown  there  by 
chance,  and  it  might  be  thought  they  had 
fallen  from  fome  neighbouring  height,  if  the 
places  where  they  are  found  were  not  raifed 
above  the  other  parts.  But  their  vitrifiable 
nature,  and  their  angular  and  fquare  figures, 
like  thofe  of  free-ftone,  difcovers  them  to  be 
of  one  common  origin.  Thus  in  the  great 
beds  of  vitrifiable  fand,  blocks  of  free-ftone 
and  rock  are  formed,  whofe  figure  and  fituation 
do  not  exactly  follow  the  horizontal  pofition  of 
thefe  ftrata.  The  rain  has,  by  degrees,  car- 
ried away  from  the  fummit  of  the  hills  and 
mountains  the  fand  which  at  firft  covered  them, 
and  then  began  to  furrow  and  cut  thofe  hills 
into  the  fpaces  which  are  found  between 

the 


NATURAL  HISTORY.  2S5 

the  nucleus  in  free-done,  as  the  hills  of  Fon- 
tainbleau  are  interfered.  Each  hilly  point  an- 
fwers  to  a nucleus  in  a quarry  of  free-done, 
and  each  interval  has  been  excavated  and  loof- 
ened  by  the  rain,  which  has  can  fed  the  fand, 
they  at  fird  contained,  to  flow  into  the  valiies; 
fo  likewife  the  highefl  mountains,  whofe.fum- 
mits  are  compofed  of  rocks,  and  terminated  by 
the  angular  blocks  of  granate,  have  formerly 
been  covered  with  vitrifiable  fand,  and  the  rain 
having  carried  away  the  fand  which  covered 
them,  they  remained  on  the  top  of  the  moun- 
tains in  the  pofition  they  wrere  formed.  Thefe 
blocks  generally  prefent  points  ; they  inereafe 
in  fize  in  proportion  as  they  defcend  : one  block 
often  reds  upon  another,  the  fécond  upon  a 
third,  and  fo  on,  leaving  irregular  intervals  be- 
tween them  : and  as  in  time  the  rain  wafhed 
away  all  the  fand  which  covered  thefe  different 
parts  on  the  top  of  the  high  mountains,  they 
would  remain  naked,  forming  larger  or  leffer 
points  ; and  this  is  the  origin  of  the  peaks  or 
horns  of  mountains. 

For  fuppofing,  as  it  is  eafy  to  prove,  by  the 
marine  productions  we  find  there,  that  the  chain 
of  the  Alps  was  formerly  covered  by  the  fea, 
and  that  above  this  chain  there  was  a great 
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thicknefs  of  verifiable  fand,  which  rendered  the 
whole  mountains  a flat  and  level  country  : in 
this  depth  of  fand,  there  would  neceflarily  be 
formed  granate,  free-ftone,  flint,  and  all  mat- 
ters 'which  take  their  origin  and  figure  in  fand, 
nearly  in  a fimilar  manner  to  that  of  the  chryf- 
tallifation  of  faits.  Thefe  blocks  once  formed 
would  fupport  their  original  pofitions,  after  the 
rains  and  torrents  had  carried  away  the  fand 
which  furrounded  them,  and  being  left  bare, 
formed  all  thofe  peaks  or  pointed  eminences 
we  fee  in  fo  many  places.  This  is  alfo  the 
origin  of  thofe  high  and  detached  rocks  found 
in  China  and  other  countries,  as  in  Ireland, 
where  they  are  called  the  Devil’s  (tones,  and 
whofe  formation,  as  well  as  that  of  the  peaks 
of  mountains,  had  hitherto  appeared  fo  difficult 
to  explain;  neverthelefs,  the  explanation  which 
I have  given  is  fo  natural,  that  it  directly  pre- 
fents  itfelf  to  the  mind  of  thofe  who  examine 
thefe  objefts,  and  I mud  here  quote  what 
Father  Tatre  fays,  “ From  Yanchu- in-yen, 
we  came  to  Hoytcheou,  and  on  the  road  met 
with  fomething  particular,  rocks  of  an  extra- 
ordinary height,  of  the  fhapeof  a large  fquare 
tower,  and  fituate  in  the  midfl:  of  vafl  plains  ; 
it  is  not  known  how  they  came  there,  nor  can 
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I account  for  it,  unlefs  by  fuppofing  they  were 
formerly  mountains,  from  which  the  rain  hav- 
ing wafhed  away  the  earth  that  furrounded 
thqm,  has  thus  left  the  rocks  entirely  bare. 
What  ftrengthens  this  conjecture  is,  that  we 
faw  fome  which  towards  the  bale  are  ft  ill  co- 
vered with  earth  to  a confiderable  height.” 

The  fummit  of  the  higheft  mountains  is 
compofed  of  rocks,  of  granate,  free-ftone,  and 
other  hard  and  vitrifiable  matters,  and  this  of- 
ten. as  deep  as  two  or  three  hundred  fathoms  ; 
below  which  we  often  meet  with  quarries  of 
marble  or  hard  ftone  filled  with  foffil-fhells, 
and  whofe  matter  is  calcinable,  as  may  be  re- 
marked at  Great  Chartreufe,  in  Dauphiny,  and 
on  Mount  Cenis,  wdiere  the'flone  and  marble 
■which  contains  fhells,  are  fome  hundred  fathoms 
below  the  fummits,  points  and  peaks  of  high 
mountains  ; although  thefe  (tones  are  more 
than  a thoufand  fathom  above  the  level  of  the 
fea.  Thus  mountains,  whereon  we  fee  points 
or  peaks,  are  generally  vitrifiable  rock,  and 
thofe  whofe  fummits  are  flat,  moftjy  contain 
marble  and  hard  ftones  filled  with  marine  pro- 
ductions. It  is  the  fame  with  refpeCt  to  hills, 
for  thofe  containing  granate,  or  free-ftone,  are 
moftly  interfered  with  points,  eminences, 
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cavities,  depths,  andfmall  intermediate  valleys  ; 
on  the  contrary,  thofe  which  are  compofed  of 
calcinahle  done  are  nearly  equal  in  height,  and 
are  only  interrupted  by  greater  and  more  re- 
gular vallies,  whofe  angles  are  correfpondent  ; 
and  they  are  crowned  with  rocks  whofe  por- 
tion is  regular  and  level. 

Whatever  difference  may  appear  at  firft  be- 
tween thefe  two  fpecies  of  mountains,  their 
forms  proceed  from  the  fame  caufe,  as  we  have 
already  obferved;  only  it  may  be  remarked, 
that  the  calcinable  hones  have  not  undergone 
any  alteration  nor  change  fince  the  formation 
of  the  horizontal  hrata  : whereas  thofe  of  vi- 
trifiable  fand  have  been  changed  and  interrupt- 
ed by  the  poherior  production  of  rocks  and  an- 
gular blocks  formed  within  this  fand.  Thefe 
two  kind  of  mountains  have  cracks  which  are 
almoh  always  perpendicular  in  thofe  of  calcin- 
able hones  ; but  thofe  of  granate  and  free-hone 
appear  to  be  a little  more  irregular  in  their  di- 
rection. It  is  in  thefe  cracks  metals,  minerals, 
cryhals,  fulphurs,  and  all  matters  of  the  fé- 
cond clafs  are  found,  and  it  is  below  thefe 
cracks  that  the  water  colleCts  to  penetrate  the 
earth,  and  from  thofe  veins  of  water  which  are 
every  where  found  below  the  furface. 
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ARTICLE  X. 

OF  RIVERS. 

E have  before  faid  that,  generally 


in  iflands  and  in  the  projections  in  the  fea. 
That  in  the  old  continent  the  greateft  chains  of 
mountains  are  direCted  from  weft  to  eaft,  and 
that  thofe  which  incline  towards  the  north  or 
fouth  are  only  branches  of  thefe  principal 
chains  : we  (hall  likewife.find  that  the  greateft 
rivers  are  directed  as  the  greateft  mountains, 
and  that  there  are  but  few  which  follow  the 
courfe  of  the  branches  of  thofe  mountains.  To 
be  allured  of  this,  we  have  only  to  look  on  a 
common  globe,  and  trace  the  old  continent  from 
Spain  to  China.  We  {hall  find,  by  beginning 
at  Spain,  that  the  Vigo,  Douro,  Tagos,  and 
Guadiana  run  from  eaft  to  weft,  and  the  Ebro 
from  weft  to  eaft,  and  that  there  is  not  one  re- 
markable river  whofe  courfe  is  directed  from 
fouth  to  north,  or  from  north  to  fouth,  although 
Spain  is  entirely  furrounded  by  the  fea  on  the 
vol.  1.  P p weft 
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weft  fide,  and  almoft  fo  on  the  north.  This 
obfervation  on  the  dire£tion  of  rivers  in  Spain 
not  only  proves  that  the  mountains  in  this 
country  are  direded  from  weft  to  eaft,  but  alfo 
that  the  fouthern  lands,  which  border  on  the 
ftraits,  are  higher  than  the  coafts  of  Portugal 
and  on  the  northern  coaft,  that  the  mountains 
of  Galicia,  the  Afturias,  &c.  are  only  a conti- 
nuation of  the  Pyrennees,  and  that  it  is  this 
elevation  of  the  country*  as  well  north  as  fouth, 
which  does  not  permit  the  rivers  to  run  into 
the  fea  that  way. 

It  will  alfo  be  feen,  by  looking  on  the  map 
of  France,  that  there  is  only  the  Rhone  which 
runs  from  north  to  fouth,  and  nearly  half  its 
courfe,  from  the  mountains  to  Lyons,  isdireded 
from  the  eaft  towards  the  weft  ; but  that  on  the 
contrary  all  the  other  great  rivers,  as  the  Loir, 
the  Charantee,  the  Garonne,  and  even  the 
Seine,  have  a diredion  from  eaft  to  weft. 

It  will  be  likewife  perceived,  that  in  Ger- 
many there  is  only  the  Rhine,  which  like  the 
Rhone  ftiapes  the  greateft  part  of  its  courfe 
from  north  to  fouth,  but  that  the  others,  as  the 
Danube,  the  Drave,  and  all  the  great  rivers 
which  fall  into  them,  flow  from  the  weft  to 
eaft  into  the  Black  Sea, 


It 


NATURAL  HISTORY. 


29  Ï 

It  will  be  perceived  that  this  Black  Sea,  which 
fhouid  rather  be  confidered  as  a great  lake,  has 
almoft  three  times  more  extent  from  eaft  to 
weft  than  from  north  to  fouth,  and  confe- 
quently  its  direction  is  fimilar  to  the  rivers  in 
general.  It  is  the  fame  with  the  Mediterranean, 
whofe  length  from  eaft  to  weft  is  about  fix 
times  greater  than  from  north  to  fouth. 

The  Cafpian  fea,  according  to  the  chart 
drawn  by  the  order  of  Czar  Peter  I.  has  more 
extent  from  the  fouth  to  the  north  than  from 
eaft  to  weft  ; whereas  in  the  ancient  charts  it 
appears  almoft  round,  or  rather  more  broad 
from  eaft  to  weft  than  from  fouth  to  north  ; 
but  if  we  confider  the  lake  Aral  as  a part 
of  the  Cafpian  fea,  from  which  it  is  feparat- 
ed  only  by  plains  of  fand,  we  fhall  find  the 
length  is  from  the  weftern  coaft  of  the  Caf- 
pian fea  as  far  as  the  greateft  border  of  Lake 
Aral. 

So  likewife  the  Euphrates,  the  Perfian 
gulph,  and  almoft  all  the  rivers  in  China  run 
from  weft  to  eaft  ; all  the  rivers  in  Africa  be- 
yond Barbary  flow  from  eaft  to  weft,  or  from 
weft  to  eaft,  and  there  are  only  the  rivers  of 
Barbary  and  the  Nile,  which  flow  from  fouth 
to  north.  There  are,  in  faâ,  great  rivers  in 
P p 2 Afia 
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Afia  which  partly  run  from  north  to  fouth,  as 
the  Wolga,  the  Don,  &c.  but  by  taking  the 
whole  length  of  their  courfe,  we  find  that  they 
only  turn  from  the  fouth  to  run  into  the  Black 
andCafpian  feas,  which  are  only  inland  lakes.  / 
It  may  therefore  in  general  be  faid,  that  in 
Europe,  Afia,  and  Africa,  the  rivers,  and  other 
mediterranean  waters,  extend  more  from  eaft 
to  weft  than  from  north  to  fouth,  which  pro- 
ceeds from  the  chains  of  mountains  being  for 
the  moft  part  fo  directed,  and  that  the  whole 
continent  of  Europe  and  Afia  is  broader  in  this 
direction  than  the  other  ; for  there  are  two 
modes  of  confidering  the  diredftion  of  moun- 
tains. In  a long  and  narrow  continent  like 
South  America,  in  which  there  is  only  one  prin- 
cipal chain  of  mountains  which  ftretches  from 
fouth  to  north,  the  river  not  being  confined  by 
any  parallel  range,  neceffarily  runs  perpendicu- 
lar to  the  courfe  of  the  mountains,  that  is  from 
eaft  to  weft,  or  from  weft  to  eaft  ; in  faét,  it  is  in 
this  diredlion  all  the  rivers  of  America  flow. 
In  the  old  as  well  as  the  new  continent  moft 
of  the  waters  have  their  greateft  extent  from 
weft  to  eaft,  and  moft  of  the  rivers  flow  in  this 
direftion  ; but  yet  this  fimilar  direction  is  pro- 
duced by  different  caufes  ; for  inftance,  thofe  in 
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the  old  continent  flow  from  eaft  to  weft,  be- 
cause they  are  bounded  by  mountains  whofe  di- 
rection is  from  weft  to  eaft  ; whereas  thofe  in 
America  preferve  the  fame  courfe  from  there 
being  only  one  chain  of  mountains  that  ex- 
tends from  north  to  fouth. 

In  general  rivers  run  through  the  centre  of 
vallies,  or  rather  the  loweft  ground  betwixt 
two  oppofite  hills  or  mountains  ; if  the  two 
hills  have  nearly  an  equal  inclination  the  river 
will  be  nearly  in  the  middle  of  the  intermediate 
valley,  let  the  valley  be  broad  or  narrow.  On 
the  contrary,  if  one  of  the  hills  has  a more 
fteep  inclination  than  the  other,  the  river  will 
not  be  in  the  middle  of  the  valley,  but  much 
nearer  the  hill  whofe  inclination  is  greateft,and 
that  too  in  proportion  to  the  fuperiority  of  its 
declivity  : in  this  cafe,  the  loweft  ground  is 
not  in  the  middle  of  the  valley,  but  inclines  to- 
wards the  higheft  hill,  and  which  the  river  muft 
neceffarily  occupy.  In  all  places  where  there 
is  any  confiderable  difference  in  the  height  of 
the  mountains,  the  rivers  flow  at  the  foot  of 
the  fteepeft  hills,  and  follow  them  throughout 
all  their  directions,  never  quttting  their  courfe 
while  they  maintain  the  fuperiority  of  height. 
In  the  length  of  time,  however,  the  fteepeft 
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hills  are  diminifhed  by  the  rain  a&ing  upon 
them  with  a greater  degree  of  force,  propor- 
tionate to  their  height,  and  confequently  carry 
away  the  fand  and  gravel  in  more  conilderable 
quantities,  and  with  greater  violence  ; the 
river  is  then  contained  to  change  its  bed, 
and  feek  the  lowed  part  of  the  valley  : to  this 
may  be  added,  that  as  all  rivers  overflow  at 
times,  they  tranfport  and  depofit  mud  and  fand 
in  different  places,  and  that  fands  often  accu- 
mulate in  their  own  beds,  and  caufe  a fwell  of 
the  water,  which  changes  the  direction  of  its 
courfe.  It  is  very  common  to  meet  in  vallies 
with  a great  number  of  old  channels  of  the 
river,  particularly  if  it  is  fubjedl  to  frequent 
inundations,  and  carries  off  much  fand  and 
mud. 

In  plains  and  large  vallies,  where  there  are 
great  rivers,  the  beds  are  generally  the  lowed 
part  of  the  valley,  but  the  furface  of  the  water 
is  very  often  higher  than  the  ground  adjacent. 
For  example,  when  a river  begins  to  overflow, 
the  plain  will  prefently  be  inundated  to  a con- 
fiderable  breadth,  and  it  will  be  obferved  that 
the  borders  of  the  river  will  be  covered  the  lad  ; 
which  proves  that  they  are  higher  than  the  red 
of  the  ground,  and  that  from  the  banks  to  a 
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Certain  part  of  the  plain,  there  is  an  infenfible 
inclination,  fo  that  the  furface  of  the  water 
muft  be  higher  than  the  plain  when  the  river  is 
full.  This  elevation  on  the  banks  of  rivers 
proceeds  from  the  depofit  of  the  mud  and  fand 
at  the  time  of  inundations.  The  water  is 
commonly  very  muddy  in  the  great  fwellings 
of  rivers  ; when  it  begins  to  overflow,  it  runs 
very  gently  over  the  banks,  and  by  depofiting 
the  mud  and  fand  purifies  itfelf  as  it  advances 
into  the  plain  ; fo  that  all  the  foil,  which  the 
currents  of  the  river  does  not  carry  along,  is 
depofited  on  the  banks,  which  raifes  them  by 
degrees  above  the  reft  of  the  plain. 

Rivers  are  always  broadeft  at  their  mouths; 
in  proportion  as  we  advance  in  the  country, 
and  are  more  remote  from  the  fea,  their  breadth 
diminifhes  ; but  what  is  more  remarkable,  in 
the  inland  parts  they  flow  in  a direct  line,  and 
in  proportion  as  they  approach  their  mouths 
the  windings  of  their  courfe  increafes.  I have 
been  informed  by  M.  Fabry,  a fenfible  traveller, 
who  went  feveral  times  by  land  into  the  weftern 
part  of  North  America,  that  travellers  and 
even  the  favages  are  feldom  deceived  in  the 
diftancethey  are  from  the  fea  if  they  follow  the 
bank  of  a large  river  ; when  the  direction  of 
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the  river  is  ftraight  for  15  or  20  leagues,  they 
know  thernfelves  to  be  a great  diftance  from 
the  coaft  ; but,  on  the  contrary,  if  the  river 
winds,  and  often  changes  its  direction,  they  are 
certain  of  not  being  far  from  the  fea.  M.  Fabry 
himfelf  verified  this  remark  in  his  travels  over 
that  unknown  and  aim  oft  uninhabited  coun- 
try. In  large  rivers  there  is  a confiderable 
eddy  along  the  banks,  which  is  fo  much  the 
more  confiderable  as  the  river  is  lefs  remote 
from  the  fea,  which  may  alfo  ferve  as  a guide 
to  judge  whether  we  are  at  a great  or  ftiort 
diftance  from  the  mouth  ; and  as  the  windings 
of  rivers  increafe  in  proportion  as  they  ap- 
proach the  fea,  it  is  not  furprifing  that  fome  of 
them  fhould  give  way  to  the  water,  and  be  one 
reafon  why  great  rivers  generally  divide  into 
many  arms  before  they  gain  the  fea. 

The  motion  of  the  waters  in  rivers  is  quite 
different  from  that  fuppofed  by  authors  who 
attempt  to  give  mathematical  theories  on  this 
fubjedl  ; the  furface  of  a river  in  motion  is  not 
level  when  taken  from  one  bank  to  the  other, 
but  according  to  circumftances  the  current  in 
the  middle  is  confiderably  higher  or  lower  than 
the  water  clofe  to  the  banks  ; when  a river 
fwells  by  a fudden  melting  of  fnow,  or  when 

by 
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byfome  other  caufe  its  rapidity  is  augmented, 
if  the  direction  of  the  river  is  dirait,  the  middle 
of  the  water  where  the  current  is  rifes,  and 
the  river  forms  a convex  curve,  of  a very  feil- 
fible  elevation.  This  elevation  is  fometimes 
very  confiderable  ; M.Hupeau,anable  engineer 
of  bridges,  once  meafured  the  river  Avieron, 
and  found  the  middle  was  three  feet  higher 
than  near  the  bank.  This,  in  fad,  mu  ft  hap- 
pen every  time  the  water  has  a very  great  ra- 
pidity ; the  velocity  with  which  it  is  carried, 
diminifhing  the  adion  of  its  weight  in  the 
middle  of  the  current,  fo  that  it  has  not  time  to 
fink  to  a level  with  that  near  ftiore,  and  there- 
fore remains  higher.  On  the  other  hand,  near 
the  mouths,  it  often  happens  that  the  water 
which  is  near  the  banks  is  higher  than  that  of 
the  middle,  although  the  current  be  ever  fo  ra- 
pid. This  happens  wherever  the  adion  of  the 
tides  is  felt  in  a river,  which  in  great  ones  often 
fenfibly  extends  as  far  as  one  or  two  hundred 
leagues  from  the  fea  ; it  is  alfo  a well  known 
fad  that  the  current  of  a river  preferves  its 
motion  in  the  fea  to  a confiderable  diftance  ; 
there  is,  in  this  cafe,  therefore,  two  contrary 
motions  in  a river  ; the  middle,  which  forms 
the  current,  precipitates  itfelf  towards  the  fea, 
VOL.  I.  Q.q  and 
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and  the  a&ion  of  the  tide  forms  a counter-cur- 
rent, which  caufes  the  water  near  the  banks  to 
afcend,  while  that  in  the  middle  defcends,  and 
as  then  all  the  water  muft  be  carried  down  by 
the  current  in  the  middle,  that  of  the  banks 
continually  defcends  thereto,  and  defcends  fo 
much  the  more  as  it  is  higher,  and  counteract- 
ed with  more  force  by  the  tide. 

There  are  two  kinds  of  ebbings  in  rivers  ; 
the  firft  above-mentioned  is  a ftrong  power  oc- 
cafioned  by  the  tide,  which  not  only  oppofes 
the  natural  motion  of  the  river,  but  even  forces 
a contrary  and  oppofite  current.  The  other 
arifesfroman  inaftive  caufe,  fuch  as  a projec- 
tion of  land,  an  ifland,  &c.  This  does  not  com- 
monly occafion  a very  fenfible  counter-current, 
yet  it  is  fufficient  to  impede  the  progrefs  of 
boats  and  craft,  and  neceflarily  produces  what 
is  called  a dead  water,  which  does  not  flow  like 
the  reft  of  the  river,  but  whirls  about  in  fuch  a 
manner  that  when  boats  are  drawn  therein 
they  require  great  ftrength  to  get  them  out. 
Thefe  dead  waters  are  very  perceptible  at  the 
arches  of  bridges  in  rapid  rivers.  The  velocity 
of  the  water  increafes  in  proportion  as  the  dia- 
meter of  the  channel  through  which  it  pafles 
diminifhes,  the  impelling  force  being  the  fame  ; 
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the  velocity  of  a river,  therefore  encreafes  at  the 
patTage  of  a bridge,  in  an  inverfe  proportion  of 
the  breadth  of  the  arches  to  the  whole  breadth 
of  the  river  ; the  rapidity  being  very  confider- 
able  in  coming  through  the  arch,  it  forces  the 
water  againft  the  banks,  from  whence  it  is 
reflected  with  fuch  violence  as  to  form  dan- 
gerous eddies  and  whirlpools.  In  going  through 
the  bridge  St.  Efprit,  the  men  are  forced  to  be 
careful  not  to  lofe  the  ftream,  even  after  they 
are  paft  the  bridge,  for  if  they  fuffer  the  boat 
to  go  either  to  the  right  or  left  it  might  be 
driven  againft  the  fhore,  or  forced  into  the 
whirling  waters,  which  would  be  attended  with 
great  danger.  When  this  eddy  is  very  confi- 
derable  it  forms  a kind  of  fmall  gulph,  the 
middle  of  which  appears  hollow  and  to  form  a 
kind  of  cylindrical  cavity,  around  which  the 
water  whirls  with  rapidity  : this  appearance  of 
a cylindrical  cavity  is  produced  by  the  centrifu- 
gal force  which  caufes  the  water  to  endeavour 
to  remove  itfelf  from  the  centre  of  the  whirl- 
pool. When  a great  fwell  of  water  happens 
the  watermen  know  it  by  a particular  motion  ; 
they  then  fay  the  water  at  the  bottom  flows 
quicker  than  common  : this  augmentation  of 
rapidity  at  the  "bottom,  according  to  them,  al- 
Q^q  2 ways 
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ways  announces  a fudden  rife  of  the  water. 
The  motion  and  weight  of  ihe  upper  water 
communicates  this  motion  to  them  ; for  in  cer- 
tain refpedts  we  muft  confider  a river  as  a pillar 
of  water  contained  in  a tube,  and  the  whole 
channel  as  a very  long  canal  where  every  mo- 
tion muft  be  communicated  from  one  end  to 
the  other.  Now,  independent  of  the  motion 
of  the  upper  waters,  their  weight  alone  might 
Caufe  the  rapidity  of  the  river  to  increafe,  and 
perhaps  move  it  at  bottom:  for  it  is  known, 
that  by  putting  many  boats  at  one  time  into 
the  water,  at  that  inftant  we  increafe  the  ra- 
pidity of  the  under  part  of  the  river,  as  well  as 
retard  that  of  the  upper. 

The  rapidity  of  running  waters  does  not 
exactly,  nor  even  nearly,  follow  the  proportion 
of  the  declivity  of  their  channels.  One  river 
whofe  inclination  is  uniform  and  double  that  of 
another,  ought,  according  to  appearance,  to  flow 
only  as  rapid  again,  but  in  fa£t  it  flows  much 
fafter.  Its  rapidity,  inftead  of  being  doubled, 
is  fometimes  triple,  quadruple,  &c.  This  ra- 
pidity depends  much  more  on  the  quantity  of 
water  and  the  weight  of  the  upper  waters  than 
on  the  declivity.  When  we  are  defirous  to 
hollow  the  bed  of  a river,  we  need  not  equally 
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diftribute  the  inclination  throughout  its  whole 
length,  in  order  to  give  a greater  rapidity,  as 
it  is  moreeafily  effected  by  making  the  defcent 
much  greater  at  the  beginning,  than  at  the 
mouth  where  it  may  almoft  be  infenfible,  as  we 
fee  it  in  natural  rivers,  and  yet  they  preferve  a 
rapidity  fo  much  the  greater  as  the  river  is  ful- 
ler of  water;  in  great  rivers,  where  the  ground 
is  level,  the  water  does  not  ceafe  flowing,  and 
even  rapidly,  not  only  with  its  original  velocity, 
but  alfo  with  the  addition  of  that  which  it  has 
acquired  by  the  action  and  weight  of  the  upper 
waters.  To  render  this  fa£t  more  conceivable, 
let  us  fuppofe  the  Seine  between  the  Pont-neuf 
and  Pont-royal  to  be  perfectly  level,  and  ten 
feet  deep  throughout  : let  us  then  fuppofe  that 
the  bed  of  the  river  below  Pont-royal  and  above 
Pont-neuf  were  left  entirely  dry,  the  water 
would  inftantly  run  up  and  down  the  channel 
and  continue  to  do  fo  until  it  had  recovered  an 
equilibrium  ; for  the  weight  of  the  water  would 
keep  it  in  motion,  nor  would  it  ceafe  flowing 
until  its  particles  became  equally  prefled  and 
have  funk  to  a perfeét  level.  The  weight  of 
water  therefore  greatly  contributes  to  its  velo- 
city, and  this  is  the  reafon  that  the  greatefl  ra- 
pidity of  the  current  is  neither  of  the  furface 
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nor  at  the  bottom  of  the  water,  but  nearly  in 
the  middle  of  its  depth,  being  prefled  by  the 
adion  of  its  weight  at  its  furface,  and  by  the 
re-action  from  the  bottom.  Still  more,  if  a 
river  has  acquired  a great  rapidity,  it  will  not 
only  preferve  it  in  palling  a level  country,  but 
even  furmount  an  eminence  without  fpreading 
much  on  either  fide,  or  at  lead  without  caufing 
any  great  inundation. 

We  might  be  inclined  to  think  that  bridges, 
locks,  and  other  obftacles  raifed  on  rivers, 
çonfiderably  diminifhes  the  celerity  of  the  wa- 
ter’s courfe  ; neverthelefs  that  occaflons  but 
little  difference.  Water  rifes  on  meeting  with 
any  obflacle,  and  having  furmounted  it,  the 
elevation  caufes  it  to  ad  with  more  rapidity 
in  its  fall,  fo  that  in  fad  it  fuffers  little  or  no 
diminution  in  its  celerity  by  thefe  feeming  re- 
tardments. Sinuofities,  projedions,and  iflands, 
alfo  but  very  little  diminifh  the  velocity  of  the 
courfe  of  rivers.  A confiderable  diminution 
is  produced  by  the  finking  of, the  water,  and, 
on  the  contrary,  its'augmentation  increafes  its 
velocity  ; thus  if  a river  is  fhaliow  the  dream 
pafles  {lowly  along,  and  if  deep  with  a propos 
donate  rapidity. 
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If  rivers  were  always  nearly  of  an  equal 
fulnefs,  the  bell  means  of  diminilhing  their  ra- 
pidity, and  confining  them  within  their  banks, 
would  be  to  enlarge  their  channel  ; but  as  al- 
moft  all  rivers  are  fubje£t  to  increafe  and  dimi- 
nifh,  to  confine  them  we  muft  retrench  the 
channel,  becaufe  in  fhallow  waters,  if  the 
channel  is  very  broad,  the  water  which  paffes 
in  the  middle  hollows  a winding  bed,  and  when 
it  begins  to  fwell  follows  the  direction  it  took 
in  this  particular  bed,  and  ftriking  forcibly 
againft  the  banks  of  the  channel  deftroys  them 
and  does  great  injuries.  Thefe  effeds  of  the 
water’s  fury  might  be  prevented  by  making, 
at  particular  diftances,  fmall  gulphs  in  .the 
earth  ; that  is,  by  cutting  through  one  of  thefe 
banks  to  a certain  diftance  in  the  land.  In 
order  that  thefe  gulphs  might  be  advantage- 
oufly  placed,  they  fhould  be  made  in  the  ob- 
tufe  angle  of  the  river,  for  then  the  current 
of  the  water  in  turning  would  run  into  them, 
andofcourfe  its  velocity  would  be  diminilhed. 
This  mode  might  be  proper  to  prevent  the  fall 
of  bridges  in  places  where  it  is  not  poflible  to 
make  bars  near  the  bridge  which  fuftain  the 
a£ion  of  the  weight  of  the  water. 
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The  manner  in  which  inundations  are  occa~ 
fioned  merits  peculiar  attention.  When  à 
river  fwells,  the  rapidity  of  the  water  always 
increafes  till  it  begins  to  overflow  the  banks  ; 
at  that  inftant  the  velocity  diminifhes,  which 
caufes  inundat  ions  to  continue  for  feveral  days  ; 
for  when  even  a lefs  quantity  of  water  comes 
after  the  overflowing  than  before,  the  inun- 
dation will  (till  be  made,  becaufe  it  depends 
much  more  on  the  velocity  of  the  water  than 
on  the  quantity  ; if  it  was  not  fo  rivers  would 
overflow  for  an  hour  or  two  and  then  return 
to  their  beds,  which  never  occurs  ; the  inun- 
dations always  remaining  for  feveral  days  ; 
whether  the  rain  ceafes  or  a lefs  quantity  of 
water  is  brought,  becaufe  the  overflowing  has 
damnified  the  velocity,  and  confequently, 
although  the  like  quantity  of  water  is  no 
longer  carried  in  the  fame  time  as  before,  yet 
the  effeéts  are  the  fame  as  if  the  greater  quan- 
tity had  come  there.  It  might  be  remarked 
on  the  occafion  of  this  diminution,  that  if  a 
confiant  wind  blows  againft  the  current  of  the 
river,  the  inundation  will  be  much  greater  than 
it  would  have  been  without  this  accidental 
caufe,  which  diminifhes  the  celerity  of  the 
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ftvater  ; on  the  contrary,  if  the  wind  blows  in 
the  fame  direction  with  the  current,  the  inun- 
dation will  be  much  lefs  and  will  more  fpeedily 
decline. 

(i  The  fwellingof  the  Nile,  fays  M.  Granger, 
and  its  inundations  has  a long  time  employed 
the  learned  ; moft  of  them  have  looked  upon  it 
as  marvellous,  although  nothing  can  be  more 
natural,  and  is  every  day  to  be  feen  in  every 
country  throughout  the  world.  It  is  the  rains 
which  fall  in  Abyflinia  and  Ethiopia  which 
caufe  the  fwelling  and  inundation  of  that  river, 
though  the  north  wind  muft  be  regarded  as  the 
principal  caufe.  i.  Becaufe  the  north  wind 
drives  the  clouds  which  contain  this  rain  into 
Abyffinia.  2.  Becaufe  blowing  againft  the 
mouths  of  the  Nile  it  caufes  the  waters  to  re- 
turn againft  the  ftream,  and  thus  prevents  them 
from  running  out  in  any  great  quantity:  this 
circumftance  may  be  every  feafon  obferved, 
for  when  the  wind,  being  at  the  north,  fudden- 
ly  veers  to  the  fouth,  the  Nile  lofes  in  one  day 
more  than  it  gathers  in  four.” 

Inundations  are  generally  greateft  in  the  up- 
per part  of  rivers,  becaufe  the  velocity  of  a river 
continues  always  increafing  until  it  arrive 
at  the  fea,  for  the  reafons  we  have  related. 
Vol.  i.  R r Father 
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Father  Coftelli,  who  has  written  very  fenfibly 
on  this  fubjeét,  remarks,  that  the  height  of  the 
banks  made  to  confine  the  Po  from  overflow^ 
ing  diminifhes  as  they  advance  towards  the  fea  ; 
fo  that  at  Ferrara,  which  is  50  or  60  miles 
from  the  fea,  they  are  near  20  feet  high,  above 
the  common  furface  of  the  Po,  but  that  at  10 
or  12  miles  from  it  they  are  not  above  12  feet, 
although  the  channel' of  the  river  is  as  narrow 
there  as  at  Ferrara*. 

On  the  whole,  the  theory  of  the  motion  of 
running  waters  is  ftill  fubjefl:  to  many  diffi- 
culties, nor  is  it  eafy  to  lay  down  rules  which 
might  be  applied  to  every  particular  cafe.  Ex- 
perience is  here  more  ufeful  than  fpeculation. 
We  muft  not  only  know  the  general  effeéts  of 
rivers,  but  we  muft  alfo  know  in  particular  the 
river  we  have  to  do  with,  if  we  would  reafon 
juftly,  make  ufeful  obfervations,  and  draw 
liable  conclufions.  The  remarks  I have  above 
given  are  moftly  new  ; it  is  to  be  wi filed  that 
others  may  be  colle&ed,  and  then  poflibly  in 
time  we  may  obtain  a fufficient  knowledge  of 
the  fubjeél  to  lay  down  certain  rules  to  con- 
fine and  direft  rivers,  and  prevent  the  ruin 

of 
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A bridges,  banks,  and  other  damages,  which 
the  violent  impetuofity  of  the  water  occafions. 

Thegreateft  rivers  in  Europe  are  the  Wol- 
ga,  which  is  about  650  leagues  in  its  courfe 
from  Refchow  to  Aftracan,  on  the  Cafpian 
fea  ; the  Danube,  whofe  courfe  is  about  450 
leagues  from  the  mountains  of  Switzerland  to 
the  Black  Sea  ; the  Don,  which  is  400  leagues 
Jn  its  courfe  from  the  fource  of  the  Sofnia, 
which  it  receives,  to  its  mouth  in  the  Black 
Sea  ; the  Dnieper,  whofe  courfe  is  about 
350  leagues,  and  which  alfo  runs  into  the 
Black  Sea  ; the  Duine  is  about  400  leagues  in 
its  courfe,  and  empties  itfelf  into  the  White 
Sea,  &c. 

The  greateft  rivers  in  Afia  are  the  Hoanho 
of  China,  whofe  courfe  is  850  leagues,  taking 
its  fource  at  Raja-Ribron,  and  falls  into  the 
fea  of  China,  in  che  middle  of  the  gulph 
Changi  ; the  Jefnica  of  Tartary,  which  is 
about  800  leagues  in  extent,  from  the  lake 
Selinga  to  the  northern  Sea  of  Tartary;  the 
river  Oby,  which  is  about  600  leagues,  from 
Lake  Kila,  to  the  Northern  Sea,  beyond  the 
Strait  of  Waigats  ; the  river  Amour,  of 
eaftern  Tartary,  which  is  about  575  leagues 
in  its  courfe,  reckoning  it  from  the  fource  of 
R r 2 the 
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the  river  Kerlon,  to  the  Sea  of  Kamtfchatka  ; 
the  river  Menan,  whofe  mouth  is  at  Poulo 
Condor,  maybe  meafured  from  the  fource  of 
the  Longmu  which  falls  into  it  : the  Kian, 
whofe  courfe  is  about  550  leagues  from  the 
fource  of  the  river  Kinxa,  which  it  receives, 
to  its  mouth  in  the  China  Sea  ; the  Ganges 
is  alfo  about  550  leagues,  and  the  Euphrates 
500,  taking  it  from  the  fource  of  Irma, 
which  it  receives  ; the  Indus  about  400 
leagues,  and  which  falls  into  the  Arabian  Sea, 
on  theeaft  of  Guzarat  ; the  Sirderious,  which 
is  about  400  leagues  long,  and  falls  into  Lake 
Aral. 

The  greatefl  rivers  in  Africa  are  Senegal, 
which  is  1125  leagues  long,  comprehending 
the  Niger,  which  in  faéf  is  a continuation  of 
it,  and  the  fource  of  Gombarou,  which  falls 
into  the  Niger  ; the  Nile,  970  leagues  long, 
and  which  derives  its  fource  in  Upper  Ethiopia, 
where  it  makes  many  windings  ; there  are  alfo 
the  Zaira,  the  Coanza,  and  the  Couma,  which 
are  known  as  far  as  400  leagues,  but  extend 
much  farther  ; the  Quilmanci,  whofe  courfe  is 
400  leagues,  and  which  derives  its  fource  in 
the  kingdom  of  Gingiro, 
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The  greateft  rivers  of  America,  and  which 
are  alfo  the  greateft  in  the  world,  are  the  river 
Amazons,  whofe  courfe  is  i2qo  leagues,  if  we 
go  up  as  far  as  the  Lake  near  Guanuco,  30 
leagues  from  Lima,  where  the  Maragnon  takes 
its  fource  ; and  even  reckoning  from  the  fource 
of  the  river  Napo,  fome  diftance  from  Quito, 
the  courfe  of  the  river  Amazons  is  more  than  a 
thoufand  leagues. 

It  might  be  faid  that  the  courfe  of  the  river 
St.  Lawrence,  in  Canada,  is  more  than  900 
leagues  from  its  mouth  to  the  lake  Ontario, 
from  thence  to  lake  Huron,  afterwards 
to  the  lake  Alemipigo,  and  to  the  lake 
Affiniboils  ; the  waters  of  thefe  lakes  fal- 
ling one  into  another,  and  at  laft  into  St. 
Lawrence. 

The  river  Miffiffippi  more  than  700  leagues 
long  from  its  mouth  to  any  of  its  fources, 
which  are  not  remote  from  the  lake  of  the 
Afliniboils. 

The  river  de  la  Plata  is  more  than  800 
leagues  long,  from  the  fource  of  the  river 
Parana,  which  it  receives. 

The  river  Oroonoko  runs  more  than  575 
leagues,  reckoning  from  the  fource  of  the  river 
Caketa,  near  Pafto,  part  of  which  falls  into 

the 
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the  Oroonoko,  and  part  flows  alfo  towards  the 
river  Amazons. 

The  river  Madera,  which  falls  into  the 
Amazons,  is  more  than  660  leagues. 

To  know  nearly  the  quantity  of  water  the 
fea  receives  by  all  the  rivers  which  fall  into  it, 
let  us  fuppofe  that  one  half  of  the  globe  is  co- 
vered by  the  fea,  and  that  the  other  half  is 
land,  which  is  nearly  the  fa£t  ; let  us  fuppofe 
alfo,  that  the  mediate  depth  of  the  fea  is  230 
fathoms.  The  furface  of  all  the  earth  being 
170,981,012  fquare  miles;  and  that  of  the 
fea  85,490,506  fquare  miles,  which  being 
multiplied  by  f,  the  depth  of  the  fea  gives 
21,372,626  cubical  miles  for  the  quantity  of 
water  contained  in  the  ocean.  Now  to  calcu- 
late the  quantity  of  water  which  the  ocean  re- 
ceives from  the  rivers,  let  us  take  fome  great 
river,  whofe  rapidity  and  quantity  of  waters  are 
known  ; for  example,  the  Po,  which  runs 
through  Lombardy,  and  waters  a track  of  land 
380  miles  long  ; according  to  Riccioli,  its 
breadth,  before  it  divides  into  many  trenches, 
is  100  perches  of  Boulogne,  or  1000  feet,  its 
depth  10  feet,  and  it  runs  four  miles  an  hour  ; 
therefore  the  Po  fupplies  the  fea  with  200, coo 
cubical  perches  of  water  in  %n  hour,  or  4 
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millions  800  thoufand  in  a day  ; but  a cubical 
mile  contains  125  millions  cubical  perches  ; 
therefore  26  days  is  required  to  convey  a cubi- 
cal mile  of  water  to  the  fea  : it  remains  there- 
fore only  to  determine  the  proportion  between 
the  river  Po,  and  all  the  rivers  of  the  earth 
taken  together,  which  is  impoffible  to  do  pre- 
cisely. But  to  know  it  pretty  exa<5Uv,  let  us 
fuppofe  that  the  quantity  of  water  which  the 
fea  receives  by  the  large  rivers  in  all  coun- 
tries is  proportional  to  the  extent  and  Surface 
of  thefe  countries,  and  that  confequently  the 
country  watered  by  the  Po,  and  other  rivers 
which  fall  therein,  is  in  the  fame  proportion 
on  the  Surface  of  the  whole  earth,  as  the  Po 
is  to  all  the  rivers  of  the  earth.  Now  by  the 
mod  correâ:  charts,  the  Po,  from  its  Source 
to  its  mouth,  traverfes  a tra<£t  380  miles  long, 
and  the  rivers  which  fall  therein,  on  each 
fide,  proceed  from  the  Springs  and  rivers  60 
miles  diftant  from  the  Po,  therefore  this  great 
river,  and  the  others  it  receives,  waters  a tra£t 
380  miles  long,  and  1 20  miles  broad,  which 
makes  450,600  Square  miles,  but  the  fur- 
face  of  all  the  dry  land  is  85,490,506  Square 
miles  ; confequently  all  the  water  which  the 
rivers  carry  to  the  fea,  will  be  1974  times 

greater 


3*2 


büffon's 


greater  than  the  quantity  which  the  Po  ftif«* 
nifhes  ; but  as  26  rivers  equal  to  the  Po,  fur- 
nifhes  a cubical  mile  of  water  to  the  fea  in  a 
day,  of  courfe  1874  rivers  like  the  Po,  would 
fupply  the  fea  with  26,308  cubical  miles  of 
water  in  a year,  and  that  in  the  fpace  of  812 
years  all  the  rivers  would  fupply  the  fea  with 
21,372,626  cubical  miles  of  water  ; that  is  to 
fay,  as  much  as  there  is  in  the  ocean,  and 
therefore  812  years  is  only  required  to  fill 
it  #. 

The  refult  of  this  calculation  is,  that  the 
quantity  of  water  evaporated  from  the  fea,  and 
which  the  winds  convey  on  the  earth,  is  about 
245  lines,  or  from  20  to  21  inches  a year,  or 
about  two  thirds  of  a line  each  day  ; this  is  a 
very  trifling  evaporation  even  when  trebled* 
in  order  to  eftimate  the  water  which  refalls  in 
the  fea,  and  which  is  not  conveyed  over  the 
earth.  Mr.  Halley,  in  the  Phil.  Tranfa&ions, 
page  192,  evidently  fhews,  that  the  vapours 
which  rife  above  the  fea,  and  which  the  winds 
convey  over  all  the  earth,  are  fufficient  to  fup- 
ply all  the  rivers  in  the  world. 

Next 


* See  Keil’s  Examination  of  Burnet’s  Theory,  page  126. 
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Next  to  the  Nile  the  river  Jordan  is  the  mod 
confiderable  in  the  Levant,  or  even  in  Bar- 
bary ; it  fupplies  the  Dead  Sea  with  about 
fix  million  tons  of  water  every  day  ; all  this 
water,  and  more,  is  raifed  by  evaporation  ; for, 
according  to  Halley’s  calculation  of  6914  tons 
evaporated  from  each  mile,  the  Dead  Sea, 
which  is  72  miles  in  length  by  18  broad,  muft 
every  day  lofe  near  nine  million  tons  of  water, 
that  is,  not  only  all  the  water  it  receives  from 
the  river  Jordan,  but  alfo  that  of  the  frnall  ri- 
vers which  come  into  it  from  the  mountains 
of  Moab  and  elfewhere  ; confequently  there  is 
no  neceffity  for  its  communicating,  with  any 
other  fea  by  fubterraneous  canals*. 

The  mod  rapid  rivers  are  the  Tigris,  the 
Indus,  the  Danube,  the  Yrtis,  in  Siberia,  the 
Malmidra,  in  Silefia,  &c.  but  as  we  have  al- 
ready obferved,  the  proportion  of  the  rapidity 
of  rivers  depends  upon  the  declivity  and  upon 
the  weight  and  quantity  of  water;  by  examin- 
ing the  globe,  we  fhall  find,  that  the  Danube  is 
much  lefs  inclined  than  the  Po,  the  Rhine,  or 
the  Rhone,  for  the  Danube  has  a much  longer 
courfe  than  any  of  thefe  other  rivers,  and  falls 
into  the  Black  Sea,  which  is  higher  than  the 
vol.  1.  S f Mediter- 
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Mediterranean,  and  perhaps  more  fo  than  tfisr 
ocean. 

All  large  rivers  receive  many  others  in  the 
extent  of  their  courfe  ; for  example,  the 
Danube  receives  more  than  200  rivulets  and 
rivers  ; but  by  reckoning  only  fuch  as  are 
confiderable  rivers,  we  fhall  find  that  the 
Danube  receives  31,  the  Wolga  32,  the  Don  5 
or  6,  the  Nieper  19  or  20,  the  Duine  1 1 or 
12;  fo  likewife  in  Afia  the  Hoanho  receives 
34  or  35,  the  Jenifca  60,  the  Gby  as  many, 
the  Amour  about  40,  the  Kian,  or  river  Nan- 
kin about  30,  the  Ganges  upwards  of  20,  the 
Euphrates  10  or  11,  &c.  In  Africa,  the 
river  Senegal  receives  upwards  of  20  rivers  : 
the  Nile  does  not  receive  any  river  for  upwards 
ôf  500  miles  from  its  mouth  ; the  laft  which 
falls  therein  is  the  Moraba,  and  from  this  place 
to  its  fouree  it  receives  about  12  or  13  rivers. 
In  America,  the  river  Amazons  receives  more 
than  60,  all  of  which  are  very  confiderable  ; 
the  river  St.  Lawrence  about  40,  by  reckoning 
thofe  which  fall  into  the  lakes  ; the  Miffiffippi 
more  than  40,  the  Plata  more  than  50,  &c. 

There  are  high  countries  on  the  earth,  which 
feem  to  be  points  of  divifion  marked  by  nature 
for  the  diftribution  of  the  waters.  In  Europe, 
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the  environs  of  Mount  St.  Goddard  are  one  oi 
thefe  points  ; another  is  fituate  between  the 
provinces  of  Belozera  and  Wologda,  in  Muf- 
covy,  from  v/hence  many  rivers  defcend,  forne 
of  which  go  to  the  White  Sea,  others  to  the 
Black,  and  fome  to  the  Cafpian.  In  Afia 
there  are  feveral,  in  the  country  of  Mogul 
Tartary,  from  whence  rivers  fxow  into  Nova 
Zembla,  others  to  the  Gulph  Linchidolin, 
others  to  the  fea  of  Corea,  others  to  that  of 
China:  and  fo  like  a ife  the  Little  Thibet, 
whofe  waters  flow  towards  the  fea  of  China  ; 
the  Gulph  of  Bengal,  the  Gulph  of  Cambay, 
and  the  Lake  Aral  ; in  America,  the  province 
of  Quito  ; whofe  rivers  run  into  the  North  and 
South  Seas  and  the  Gulph  of  Mexico. 

In  the  old  continent  there  are  about  430 
rivers,  which  fall  diredlly  into  the  ocean,  or 
into  the  Mediterranean  and  Black  Seas  ; 
but  in  the  new  continent,  not  more  than  145 
rivers  are  known,  which  fall  diredlly  into  the 
fea  : in  this  number  I have  comprehended 
only  the  great  rivers,  like  the  Somme  in  Pi- 
cardy. 

All  thefe  rivers  carry  to  the  fea  a great  quan- 
tity of  mineral  and  faline  particles,  which 
S f 2 they 
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they  have  wafhed  from  the  different  foils 
through  which  they  have  paffed.  The  particles 
of  fait,  which  are  eafily  diiTolved,  are  conveyed 
to  the  fea  by  the  water.  Some  philofophers, 
and  among  the  reft  Halley,  have  pretended  that 
the  faltnefs  of  the  fea  proceeded  only  from  the 
faits  of  the  earth,  which  the  rivers  tranfport 
therein.  Others  aflert,  that  the  faltnefs  of  the 
fea  is  as  ancient  as  the  fea  itfelf,  and  that  this 
fait  was  created  that  the  waters  might  not  cor- 
rupt; but  we  may  juftly  fuppofe  that  the  fea  is 
preferved  from  corruption  by  the  agitations 
produced  by  the  winds  and  tides,  as  much  as  by 
the  fait  it  contains  ; for  when  put  in  a barrel  it 
corrupts  in  a few  days,  and  Boyle  relates  that  a 
mariner  who  was  becalmed  for  13  days,  found, 
at  the  end  of  that  time,  the  water  fo  infeéted, 
that  if  the  calm  had  not  ceafed,  the  greateft  part 
of  his  people  would  have  perifhed.  The  water 
of  the  fea  is  alfo  mixed  with  a bituminous  oil, 
which  gives  it  a difagreeable  tafte,  and  renders 
it  very  unhealthful.  The  quantity  of  fait  con- 
tained in  fea  water  is  about  a fortieth  part,  and 
is  nearly  equally. faline  throughout,  at  top  as 
well  as  bottom,  under  the  line,  and  at  the 
Çape  of  Good  Hope  ; although  there  are 

feveral 
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feveral  places  as  off  the  Mofambique  Coaftf 
where  it  is  falter  than  elfewhere.#  It  is  alfoaf- 
ferted  not  to  be  fo  faline  under  the  Arâic  Cir- 
cle, which  may  proceed  from  the  amazing  quan- 
tities of  fnow,  and  the  great  rivers  which  fail 
into  thofe  feas,  and  bccaufe  the  heat  of  the  fün 
produces  but  little  evaporation  in  hot  climates. 

Be  this  as  it  may,  I conceive  that  the  fait  nefs 
of  the  fea  is  not  only  caufed  by  the  banks  of  fait 
at  the  bottom  of  the  fea,  and  along  the  coafts, 
but  alfo  by  the  faits  of  the  earth,  which  the  ri- 
vers continually  convey  therein  ; and  that  Hal- 
ley had  fome  reafon  to  prefume  that  in  the  be- 
ginning of  the  world  the  fea  had  but  little  or  no 
faltnefs;  that  it  is  become  fo  by  degrees,  and  in 
proportion  as  the  rivers  have  brought  falls 
therein  ; that  this  faltnefs  is  everyday  increafing, 
and  that  confequently,  by  computing  the  whole 
quantity  of  fait,  brought  by  all  the  rivers,  we 
might  attain  the  knowledge  of  the  age  of  the 
world  by  the  degrees  of  the  faltnefs  of  the  fea. 

Divers  and  pearl  fifhers  affert,  according  to 
Boyle,  that  the  deeper  they  defeend  into  the 
fea,  the  colder  is  the  water  ; and  that  the  cold 
is  fo  intenfe  at  confiderable  depths,  that  they 
cannot  remain  there  fo  long  underwater,  but 

arc 
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are  obliged  to  come  up  again  much  fooner 
than  when  they  defcend  to  only  a moderate  one. 
It  appeared  to  me  that  the  weight  of  the  water 
might  be  as  much  the  caufe  of  compelling  them 
to  fhorten  their  ufual  time  as  the  intenfenefs  of 
the  cold,  when  they  defcend  to  a depth  of  3 or 
400  fathoms  ; but,  in  fad,  divers  fcarcely  ever 
defcend  above  an  hundred  feet.  The  fame  au- 
thor relates,  that  in  a voyage  to  the  EafUndies, 
beyond  the  line  at  about  35  degrees  fouth  lati- 
tude, a founding  lead  of  30  or  351b  weight  was 
funk  to  the  depth  of  400  fathoms,  and  that  be- 
ing pulled  up  again,  it  had  become  as  cold  as 
ice.  It  is  alfo  a frequent  practice  with  mari? 
ners  to  cool  their  wine  at  fea  by  finking  their 
bottles  to  the  depth  of  feveral  fathoms,  and  they 
affirm  the  deeper  the  bottles  are  funk,  the 
cooler  is  the  wine. 

Thefe  circumftances  might  induce  us  to  pre- 
fume that  the  fea  is  falter  at  the  bottom  than  at 
the  furface  ; but  we  have  teftimonies  which 
prove  the  contrary,  founded  on  experiment? 
made  to  fill  veiTels  with  fea  water,  which  were 
not  opened  till  they  w7ere  funk  to  a certain 
depth,  and  the  water  was  found  to  be  no  falter 
than  at  the  furface.  There  are  even  fome  places 
where  the  water  at  the  furface  is  fait,  and  that 

at 
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at  the  bottom  frefti  ; and  this  muft  always  be 
^he  cafe,  where  there  are  fprings  at  the  bottom 
of  the  fea,  as  near  Goo,  Ormus,  and  even  in 
the  fea  of  Naples,  where  there  are  hot  fprings 
at  the  bottom. 

There  are  other  places  where  fulphurous 
fprings  and  beds  of  bitiimen  have  been  difco- 
Vered  at  the  bottom  of  the  fea,  and  on  land 
there  are  many  of  thefe  fprings  of  bitumen 
which  run  into  it. 

At  Barbadoes  there  is  a pure  bitumen  fpring, 
which  flows  from  the  rocks  into  the  fea  : fait 
and  bitumen,  therefore,  are  predominant  mat- 
ters in  the  fea  water;  but  it  is  alfo  mixed  with 
many  other  matters  ; for  the  tafte  of  water  is 
not  the  fame  in  every  part  of  the  fea  ; befides* 
the  agitation  and  the  heat  of  the  fun  alters  the 
natural  tafte  which  the  fea  fhould  have  ; and 
the  different  colours  of  different  feas,  at  differ 
rent  times,  prove  that  the  waters  of  the  fea 
contain  feveral  kinds  of  matters,  either  which 
it  loofens  from  its  own  bottom,  or  are  brought 
thither  by  rivers. 

Almoftall  countries  watered  by  great  rivers 
are  fubjedl  to  periodical  inundations,  thofe 
which  are.  low,  and  derive  their  fources  from  a 
great  diftance,  overflow  the  mod  regularly. 

Every 
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Every  perfon  almoft  has  heard  of  the  inuncfa** 
tions  of  the  Nile,  which  preferves  the  fweetnefs 
and  whitenefs  of  its  waters,  though  extended 
over  a vaft  track  of  country  and  into  the  fea. 
Strabo  and  other  ancient  authors  have  written 
that  it  had  feven  mouths,  but  there  now  re- 
mains only  two  which  are  navigable  ; there  is 
a third  canal  which  defcends  to  Alexandria, 
and  fills  the  cifterns  there,  and  a fourth  which 
is  flill  fmaller  ; but  as  they  have  for  a long  time 
negleâed  to  clean  their  canals,  they  are  nearly 
choaked  up.  The  ancients  employed  a great 
number  of  workmen  and  foldiers,  and  every 
year,  after  the  inundation,  they  carried  away 
the  mud  and  fand  which  was  in  thefe  canals. 
The  caufe  of  the  overflowing  of  the  Nile  pro- 
ceeds from  the  rains  which  fall  in  Ethiopia. 
They  begin  in  April  and  do  not  ceafe  till  Sep- 
tember ; during  the  firft  three  months,  the  days 
are  ferene  and  fair*  but  as  foon  as  the  fun  goes 
down  the  rains  begin,  nor  flop  till  it  rifes  again, 
and  are  generally  accompanied  with  thunder 
and  lightning.  The  inundation  begins  in 
Egypt  about  the  1 7 th  of  June,  it  generally  in- 
creafes  during  40  days,  and  diminiflies  in  about 
the  fame  time;  all  the  fiat  country  of  fgypt 
is  overflpwed  ; but  this  inundation  is  muchlefs 
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■now  than  it  was  formerly,  for  Herodotus  tells 
us,  that  the  Nile  was  ioo  days  in  fwelling, 
and  as  many  in  abating  : if  this  is  true,  we  can 
only  attribute  the  caufe  thereof  to  the  eleva- 
tion of  the  land,  which  the  mud  of  the  waters 
has  heightened  by  degrees,  and  to  the  diminu- 
tion of  the  mountains  in  Africa,  from  whence 
it  derives  its  fource.  It  is  very  natural  to  believe 
that  thefe  mountains  have  diminifhed,  becaufe 
the  abundant  rains  which  fall  in  thefe  climates 
during  half  the  year,  fweep  away  great  quanti- 
ties of  fand  and  earth  from  the  mountains  into 
the  valleys,  from  whence  the  torrents  wafh  them 
into  the  Nile,  which  carries  great  part  into 
Egypt,  where  it  depofits  them  in  its  overflow- 
ings. 

The  Nile  is  not  the  only  river  whofe  inun- 
dations are  regular  ; the  river  Pegu  is  called 
the  Indian  Nile , becaufe  it  overflows  regularly 
every  year  ; it  inundates  the  country  for  more 
than  30  leagues  from  its  banks  ; and,  like  the 
Nile,  leaves  an  abundance  of  mud,  which  fo 
greatly  fertilizes  the  earth,  that  the  pafturage 
is  excellent  for  cattle,  and  rice  grows  in  fuch 
great  abundance,  that  every  year  a number  of 
veflels  are  laden  with  it,  without  leaving  a fear- 
city  in  the  country*.  The  Niger,  or  what 
Vol.  1.  T t amounts 
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amounts  to  the  fame,  the  upper  part  of  the 
Senegal,  likewife  overflows  and  covers  all  the 
flat  country  of  Nigritia  ; it  begins  nearly  at  the 
fame  time  as  the  Nile,  and  increafes  alfo  for  40 
days  : the  river  de  la  Plata,  in  Brafil,  alfo  over- 
flows every  year,  and  at  the  fame  time  as  the 
Nile.  The  Ganges,  the  Indus,  the  Euphrates, 
and  fome  others,  overflow  annually  ; but  all 
rivers  have  not  periodical  overflowings,  and 
when  inundations  happen,  it  is  the  effeét  of 
many  caufes,  which  combine  to  fupply  a greater 
quantity  of  water  than  common,  and,  at  the 
famé  time,  to  retard  its  velocity.  We  have  be- 
fore obferved,  that  in  almofl  all  rivers  the  in- 
clination of  their  beds  diminifties  towards  their 
mouths  in  an  almofl:  infenfible  manner  ; but 
there  are  fome  whofe  declivity  is  very  fudden 
in  fome  places,  and  forms  what  is  termed  a 
cataract,  which  is  nothing  more  than  a fall  of 
water  quicker  than  the  common  current  of  the 
river.  The  Rhine,  for  example,  has  two  cata- 
racts, the  one  at  Bilefield,  and  the  other  near 
Schafhoufe  : the  Nile  has  many,  and  among  the 
reft  two  which  are  very  violent,  and  fall  from  a 
great  height  between  two  mountains;  the  river 
Wologda,  in  Mufcovy,  has  alfo  two  near  La- 
doga ; the  Zaire,  a river  of  Congo,  begins  by  a 
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very  large  cataraft,  which  falls  from  the  top  of 
a mountain  ; but  the  moft  famous  is  that  of 
Niagara,  in  Canada,  that  falls  from  a perpen- 
dicular height  of  156  feet,  like  a prodigious 
torrent,  and  is  more  than  a quarter  of  a mile 
broad  : the  fog,  or  mift,  which  the  water  makes 
in  falling,  is  perceived  at  five  miles  diftance, 
and  rifes  as  high  as  the  clouds,  forming  a very 
beautiful  rainbow  when  the  fun  lhines  thereon. 
Below  this  cataradl  there  are  fuch  terrible 
whirlpools,  that  nothing  can  be  navigated 
thereon  for  fix  miles  diftance,  and  above  the  ca- 
taract the  river  is  much  narrower  than  it  is  in 
the  uppër  lands  The  defcription  given  of  it 
by  Father  Charlevoix  is  as  follows  : 

“ My  firft  care,  when  I arrived,  was  to  vifit 
the  moft  beautiful  cafcade  that  is,  perhaps,  in 
nature,  but  I immediately  difcovered  that  Ba- 
ron la  Hontain  was  deceived  fo  greatly,  both 
in  its  height  and  figure,  that  one  might  rea- 
fonably  imagine  he  had  never  feen  it. 

iC  It  is  true,  that  if  we  meafure  its  height  by 
the  three  mountains  you  are  obliged  to  afcend 
in  going  to  it,  there  is  not  much  abatement  to 
be  made  of  the  600  feet,  which  the  map  of  M. 

T t 2 Deliftc 
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Deliffe  gives  it,  who  doubtlefs  advanced  this 
paradox  only  on  the  credit  of  the  Baron  la  Hon- 
tain  and  Father  Honnepin;  but  after  I arrived 
at  the  top  of  the  third  mountain,  I obferved  that 
in  the  fpace  of  three  leagues,  which  I afterwards 
had  to  go  to  this  fall  of  water,  although  you  are 
forced  fometimes  to  afcend,  you  mud  neverthe- 
lefs  defcend  {till  more,  and  this  is  what  travellers 
do  not  appear  to  have  paid  proper  attention  to# 
As  we  can  only  approach  the  cafcade  on  one 
fide,  nor  fee  it  but  in  the  profile,  it  is  not  eafy  to 
meafure  its  height  by  inflruments:  experiménts 
have  been  made  to  do  it  by  a long  cord  tied  to 
a pole,  and  after  having  often  attempted  this 
manner,  it  was  found  to  be  only  115  or  120 
feet  high;  but  it  is  impoflible  to  afcertain  whe- 
ther the  pole  was  not  flopped  by  fome  projec- 
tion of  the  rock,  for  although  when  drawn  up 
again  the  end  of  the  cord  was  always  wet,  yet 
that  is  no  proof,  fince  the  wrater  which  precipi- 
tates from  the  mountain,  flies  up  again  in  foam 
to  a very  great  height:  for  my  own  part,  after 
having  confidered  it  on  every  fide  that  I could 
examine  it  to  advantage,  I think  that  we  can- 
not allow  it  to  be  lefs  than  140  or  150  feet. 

“ Its  figure  is  that  of  an  horfe-fhoe,  and  its 
circumference  is  about  400  paces;  but  exaétly 

in 
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in  its  middle,  it  is  divided  by  a very  narrow 
ifland,  about  half  a quarter  of  a league  long.  It 
is  true  thefe  two  parts  join  again  ; that  which 
was  on  my  fide,  and  of  which  I could  only  have 
a fide  view,  has  feveral  projeâing  points,  but 
that  which  I beheld  in  front,  appeared  to  be 
perfectly  even.”  The  Baron  has  alfo  mention- 
ed a torrent,  which,  if  not  the  offspring  of  his 
own  invention,  mud  fall  into  fome  channel 
upon  the  melting  of  the  fnow. 

There  is  another  cataraél,  three  miles  from 
Albany,  in  the  province  of  New- York,  whofe 
height  is  50  feet  perpendicular,  and  from  which 
there  arifes  a mifi:  that  occafions  a faint  rain- 
bow #. 

In  all  countries  where  mankind  are  not  fuf- 
ficiently  numerous  to  form  polifhed  focieties, 
the  ground  is  more  irregular,  and  the  beds  of 
rivers  more  extended,  lefs  equal,  and  often 
abound  with  catara&s.  Many  ages  were  re- 
quired to  render  the  Rhone  and  the  Loire  na- 
vigable. It  is  by  confining  waters,  by  directing 
their  courfe,  and  by  cleanfing  the  bottom  of 
rivers,  that  they  obtain  a fixed  and  regular 
courfe;  in  all  countries  thinly  inhabited  Na- 
ture is  rude,  and  often  deformed. 

There 
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There  are  rivers  which  lofe  themfelves  ia 
the  fands,  and  others  which  Teem  to  precipitate 
into  the  bowels  of  the  earth:  the  Guadalquiver 
in  Spain,  the  river  Gottenburg  in  Sweden, 
and  the  Rhine  itfelf  lofe  themfelves  in  the  earth. 
It  is  afferted,  that  in  the  weft  part  of  the  ifland 
of  St.  Domingo  there  is  a mountain  of  a con- 
fiderable  height,  at  the  foot  of  which  are  many 
caverns,  into  which  the  rivers  and  rivulets  fall 
with  fo  much  noife,  as  to  be  heard  at  the  dis- 
tance of  feven  or  eight  leagues 

The  number  of  rivers  which  lofe  themfelves 
in  the  earth  is  very  few,  and  there  is  no  appear- 
ance that  they  defcend  very  low  ; it  is  more 
probable  that  they* lofe  themfelves,  like  the 
Rhine,  by  dividing  among  the  quantity  of 
fand  ; this  is  very  common  to  fmall  rivers  that 
run  through  dry  and  fandy  foils,  of  which  we 
have  feveral  examples  in  Africa,  Ferfia,  Ara- 
bia, &c. 

The  rivers  of  the  north  tranfport  into  the 
fea  prodigious  quantities  of  ice,  which,  accumu- 
latinsr,  form  thofe  enormous  maffes  fo  deftruc- 
live  to  mariners.  Thefe  maffes  are  the  moft 
abundant  in  the  Strait  of  Waigat,  which  is  en- 
tirely frozen  over  the  greateft  part  of  the  year, 

and 


* See  Varcnii  Geograph.  gen.  page  43, 
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and  are  formed  by  the  great  flakes  which  the 
river  Obv  almofl:  continually  brings  there  ; 
they  attach . themfelves  along  the  coafis,  and 
heap  up  to  a confiderable  height  on  both  Tides, 
but  the  middle  of  the  (Irait  is  the  lafl  part  which 
freezes,  and  where  the  ice  is  the  lowed.  When 
the  wind  ceafes  to  blow  from  the  North,  and 
comes  in  the  direction  of  the  Strait,  the  ice  be- 
gins to  thaw  and  break  in  the  middle  ; after- 
wards it  loofens  from  the  Tides  in  great  malTes, 
which  are  carried  into  the  high  fea.  The  wind, 
xvhichall  winter  blows  from  the  north  over  the 
frozen  countries  of  Nova  Zembla,  renders  the 
country  watered  by  the  Oby,  and  all  Siberia,  fo 
cold,  that  even  at  Toboliki,  which  is  in  the 
57th  degree,  there  are  no  fruit  trees,  while  at 
Sweden,  Stockholm,  and  even  in  higher  lati- 
tudes, there  are  both  fruit  trees  and  pulfe.  This 
difference  does  not  proceed,  as  it  has  been 
thought,  from  the  fea  of  Lapland  being  warmer 
than  the  Straits  ; nor  from  the  land  of  Nova 
Zembla  being  colder  than  Lapland,  but  folely 
from  the  Baltic,  and  the  Gulph  of  Bothnia,  tem- 
pering the  rigour  of  the  north  winds,  whereas  in 
Siberia  there  is  nothing  that  can  temperate  the 
cold.  It  is  a fa£t,  founded  on  experience,  that 
it  is  never  fo  cold  on  the  fea  coafts  as  in  the 

inland 
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inland  parts  of  a country.  There  are  plants 
which  (land  the  winter  in  London  expofed  to 
the  open  air,  that  cannot  be  preferved  at  Paris.; 
and  Siberia^  which  is  a vaft  continent,  is  for 
this  reafon  colder  than  Sweden,  which  is  fur- 
rounded  on  all  fides  by  the  fea. 

The  coldeft  country  in  the  world  is  Spitz- 
bergen:  it  lies  in  the  78th  degree  of  north 
latitude,  and  is  entirely  formed  of  fmall  peaked 
mountains  ; thefe  mountains  are  compofed  of 
gravel,  and  flat  {tones  fomewhat  like  flate* 
heaped  one  on  the  other;  which,  it  is  affirmed 
by  navigators,  are  raifed  by  the  wind,  and  in- 
creafe  fo  quick,  that  new  ones  are  difcovered 
every  year.  The  rein-deer  is  the  only  animal 
feen  here,  which  feeds  on  a fhort  grafs  and 
mofs.  On  the  top  of  thefe  little  mountains,  and 
at  more  than  a mile  from  the  fea,  the  mart  of  a 
Th ip  was  found  with  a pulley  faftetied  to  one 
of  its  ends,  which  gives  room  to  fuppofe  that 
the  fea  once  covered  the  tops  of  thefe  moun- 
tains, and  that  this  country  is  but  of  modern 
date;  it  is  uninhabited,  and  uninhabitable  ; the 
foil  of  thefe  fmall  mountains  has  no  confidence, 
but  is  loofe,  and  fo  cold  and  penetrating  a va- 
pour ftrikes  from  it,  that  it  is  impoffible  to  re- 
main any  length  of  time  thereon. 
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The  veffels  which  go  to  Spitzbergen  for  the 
whale  fiihery,  arrive  thejre  early  in  the  month 
of  July,  and  take  their  departure  from  it  about 
the  i5th.of  Auguft,  the  ice  preventing  them 
from  entering  the  fea  earlier,  or  quitting  it 
after.  Prodigious  pieces  of  ice,  60,  70,  and 
80  fathoms  thick  are  feen  there,  and  there  arc 
fome  parts  of  it  where  the  fea  appears  frozen 
to  the  very  bottom*  : this  ice,  which  is  fo  high 
above  the  level  of  the  fea,  is  as  clear  and  tran- 
fparent  as  glafs. 

There  is  alfo  much  ice  in  the  feas  of  North 
America,  as  in  Afcenfion  Bay,  in  the  Straits  of 
Hudfori,  Cumberland,  Davis,  Forbifhers,  &c. 
Robert  Lade  aflerts  that  the  mountains  of 
Friezeland  are  entirely  covered  with  fnow,  and 
its  coafts  with  ice,  like  a bulwark,  which  pre- 
vents any  approaching  them.  “ It  is,  fays  he, 
very  remarkable  that  in  this  fea  we  meet  with 
iflands  of  ice  more  than  half  a mile  round, 
extremely  high,  and  70  or  80  fathoms  deep  ; 
this  ice,  which  is  fweet,  is  perhaps  formed  in 
the  rivers  or  ftraits  of  the  neighbouring  lands, 
VOL.  I.  U u &c, 

* In  contraction  to  this  idea  it  is  now  a generally  received 
opinion,  that  the  mountains  of  ice  in  the  North  and  South  Seas 
are  exactly  the  fame  depth  under  as  they  are  heighth  above  the 
furfaee  of  the  water, 
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&c.  Thefe  iflands  or  mountains  of  ice  are  fo 
moveable,  that  in  ftormy  weather  they  follow 
r the  track  of  a fhip  as  if  they  were  drawn  along 
in  the  fame  furrow  by  a rope.  There  arc 
fome  of  them  tower  fo  high  above  the  water,  as 
to  furpafs  the  tops  of  the  marts  of  the  largeft 
velfels  #.” 

In  the  colle&ion  of  voyages  made  for  the 
fervice  of  the  Dutch  Eaft  India  Company*  we 
meet  with  the  following  account  of  the  ice  at 
Nova  Zembla  :—(t  At  Cape  Trooft  the  wea- 
therwas  fo  foggy  as  to  oblige  us  to  moor  the 
veffel  to  a mountain  of  ice,  which  was  36  fa- 
thoms deep  in  the  water,  and  about  16  fathoms 
out  of  it. 

“ On  the  10th  of  Auguft  the  ice  dividing, 
it  began  to  float,  and  then  we  obferved  that  the 
large  piece  of  ice,  to  which  the  fhip  had  been 
moored,  touched  the  bottom,  as  all  the  others 
pafling  by  ftruck  againft  without  moving  it. 
W e then  began  to  fear  being  inclofed  between  the 
ice,  that  we  fhould  either  be  frozen  in  or  crufhed 
to  pieces,  and  therefore  endeavoured  to  avoid  the 
danger  by  attempting  to  get  into  another  lati- 
tude, in  doing  of  which  the  veffel  was  forced 
through  the  floating  ice,  which  made  a tre- 
mendous 

* See  the  Voyages  of  Lade,  vol.  1 1.  page  305,  Sec, 
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mendous  noife,  and  feemingly  to  a great  dif- 
tance  ; at  length  we  moored  to  another  moun- 
tain for  the  purpofe  of  remaining  there  that 
night. 

u During  the  firft  watch  the  ice  began  to 
fplit  with  an  inexpreflible  noife,  and  the  fhip 
keeping  to  the  current,  in  which  the  ice  was 
now  floating,  we  were  obliged  to  cut  the  cable 
to  avoid  it  ; we  reckoned  more  than  400  large 
mountains  of  ice,  which  were  10  fathoms  un- 
der and  appeared  more  than  2 fathoms  above 
water* 

u We  afterwards  moored  the  veflel  to  ano- 
ther mountain  of  ice,  which  reached  above  6 
fathoms  under  water.  As  foon  as  we  were 
fixed  we  perceived  another  piece  beyond  us, 
which  terminated  in  a point  and  went  to  the 
bottom  of  the  fea  ; we  advanced  towards  it, 
and  found  it  20  fathoms  under  water,  andneaf 
12  above  the  furface. 

u The  nth  we  reached  another  large 
flielve  of  ice,  18  fathoms  under  water,  and  10 
above  it. 

“ The  21ft,  the  Dutch  got  pretty  far  in 
among  the  ice,  and  remained  there  the  whole 
night;  the  next  morning  they  moored  their  vef- 
fel  to  a large  bank  of  ice  which  they  afcended, 
U u 2 and 
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and  confidered  as  a very  fingular  phenomenon, 
that  its  top  was  covered  with  earth,  and  they 
found  near  40  eggs  thereon.  The  colour  was 
not  the  common  colour  of  ice,  but  a fine  iky 
blue.  Thofe  who  were  on  it  had  various  con- 
jectures from  this  circumftance,  fome  contend- 
ing it  was  an  effeCt  of  the  ice,  while  others 
maintained  it  to  be  a mafs  of  frozen  earth.  It 
was  about  eighteen  fathoms  under  water,  and 
10  above 

Wafer  relates,  that  near  Terra  del  Fuega 
he  met  with  many  high  floating  pieces  of  ice, 
w hich  he  at  firft  miPtook  for  iilands.  Some  ap- 
peared a mile  or  two  in  length,  and  the  largeft 
not  lefs  than  4 or  503  feet  above  the  water. 

All  this  ice,  as  I have  obferved  in  the  6th  ar- 
ticle, was  brought  thither  by  the  rivers  ; the  ice 
in  the  fea  of  Nova  Zembla,  and  the  Straits  of 
Waigat  come  from  the  Oby,  and  perhaps  from 
Jenifca,  and  other  great  rivers  of  Siberia  and 
Tartary  ; that  in  Hudfon’s  Straits,  from  Afcen- 
fion  Bay,  into  which  many  of  the  North  Amer 
rican  rivers  fall;  that  of  Terra  del  Fuega  from 
the  fouthern  continent.  If  there  are  lefs  on 
the  North  coafts  of  Lapland,  than  on  thofe  of 
Siberia  ànd  the  Straits  of  Waigat,  it  is  becaufe 

all 

* Voyage  of  the  Dutch  to  the  North,  vol.  r,  3,  page  49. 


NATURAL  HISTORY. 


333 


all  the  rivers  of  Lapland  fall  into  the  Gulph  of 
Bothnia,  and-  none  go  into  the  northern  fea. 
The  ice  may"  alfo  be  formed  in  the  ftraits, 
where  the  tides  fwell  much  higher  than  in  the 
open  fea,  and  where  confequently  the  ice, 
which  is  at  the  furface,  may  heap  up  and  form 
thofe  mountains  which  are  feveral  fathoms 
high;  but  with  refpe£t  to  thofe  which  are  4 or 
500  feet  high,  they  appear  to  be  formed  on 
high  coafts,  and  I imagine  that  when  the  fnow, 
which  covers  the  tops  of  thefe  coafts  melts,  the 
water  flows  on  the  flakes  of  ice,  and  being 
frozen  thereon,  thus  increafes  the  fize  of  the 
firft  until  it  comes  to  that  amazing  height. 
That  afterwards  in  a warm  fummer,  thefe  hills 
of  ice  loofen  from  the  coafts  by  the  a£tion  of 
the  wind  and  motion  of  the  fea,  or  perhaps  even 
by  their  own  weight,  and  are  driven  as  the 
wind  directs,  fo  that  they  at  length  may  arrive 
into  temperate  climates  before  they  are  entire- 
ly melted. 
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